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Foreword

I n 1957, the Department published Bulletin 3, the California Water Plan. Bulletin 3 was
followed by the Bulletin 160 series, published six times between 1966 and 1993, updating
the California Water Plan. A 1991 amendment to the California Water Code directed the

Department to update the plan every five years. Bulletin 160-98 is the latest in the series. The
Bulletin 160 series assesses California’s water needs and evaluates water supplies, to quantify the
gap between future water demands and water supplies. The series presents a statewide overview
of current water management activities and provides water managers with a framework for
making decisions.

In response to public comments on the last update, Bulletin 160-93, this 1998 update
evaluates water management options that could improve California’s water supply reliability.
Water management options being planned by local agencies form the building blocks for evalu-
ations performed for each of the State’s ten major hydrologic regions. Local options are integrated
into a statewide overview that illustrates potential progress in reducing the State’s expected
future water shortages.

When the previous water plan update was released, California was just emerging from a six-
year drought. This update follows the largest and most extensive flood disaster in California’s
histor)~ the January 1997 floods. These two hydrologic events fittingly illustrate the complexity
of water management in the State.

The Department appreciates the assistance provided by the Bulletin 160-98 public advi-
sory committee, which met with the Department over a three-year period as the Bulletin was
being prepared. The Department also appreciates the assistance provided by the many local
water agencies who furnished information about their planned water management activities.

David N. Kennedy
Director
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Introduction

I
n 1957, the Department published Bulletin 3, the California Water Plan. Bulletin 3

was followed by the Bulletin 160 series, published six times between 1966 and 1993,

updating the California Water Plan. A 1991 amendment to the California Water

Code directed the Department to update the plan every five years. Bulletin 160-98 is the

latest in the series.

The Bulletin 160 series assesses California’s agricultural, environmental, and urban

water needs and evaluates water supplies, in order to quantify the gap between future water

demands and the corresponding water supplies. The series presents a statewide overview of

current water management activities and provides water managers with a framework for

making water resources decisions.

While the basic scope of the Department’s water plan updates has remained un-

changed, each update has taken a distinct approach to water resources planning, reflecting

The Department’s issues or concerns at the time of its publication. In response to public comments
Bulletin 160

on the last update, Bulletin 160-93, the 1998 update evaluates water management
series quantifies

California’s actions that could be implemented to improve California’s water supply reliabili~.
managed or

Bulletin 160-93 .analyzed 2020 agricultural, environmental, and urban water de-
dedicated water

uses--urban, mands in considerable detail. These demands, together with water supply
agricultural and

environmental information, have been updated for the 1998 Bulletin, which also uses a 2020

uses. Vnmanaged planning horizon. However, much of Bulletin 160-98 is devoted to identifying
uses, such as the

precipitation and analyzing options for improving water supply reliabili~. Water management
consumed by

options available to, and being considered b~ local agencies form the building
native plant~, are

not quantified.
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blocks of evaluations prepared for each of the State’s(As described later in the Bulletin, shortages represent
ten major hydrologic regions. (Water supplies providedthe difference between water supplies and water de-
by local agencies represent about 70 percent ofmands.) The magnitude of shortages shown for
California’s developed water supplies.) These poten-drought conditions in the base year reflects the cut-
tial local options are integrated with options that arebacks in supply experienced by California water users
statewide in scope, such as the CALFED Bay-Deltaduring the recent six-year drought. Bulletin 160-98
program, to create a statewide evaluation, forecasts increased shortages by 2020--2.4 mafin av-

The statewide evaluation represents a snapshot, aterage water years and 6.2 maf in drought years. The
an appraisal level of detail, of how actions planned byfuture water management options identified as likely
California water managers could reduce the gap be-to be implemented could reduce those shortages to
tween supplies and demands. The evaluation does not0.2 mafin average water years and 2.7 mafin drought
present potential measures to reduce all shortages state-years.
wide to zero in 2020. Such an approach would not The accompanying sidebar summarizes key sta-
reflect economic realities and current planning by lo-tistics developed later in the Bulletin, to provide the
cal agencies. Not all areas of the State and not all waterreader with an overview of California’s water uses.
users can afford to reduce drought year shortages to
zero. Bulletin 160-98 focuses on compiling those up-Ca|ifornia~An Overview

tions that appear to have a reasonable chance of being Figure I-i shows California’s size relativeto that
implemented by water suppliers, to illustrate poten-of the contiguous 48 states. California is the nation’s
tial progress in reducing the State’s future shortages,most populous state and is also the top-ranked state in

Bulletin 160-98 estimates that California’s waterdollar value of agricultural production. Although
shortages at a 1995 level of development are 1.6 mafCalifornia’s present population is over 33 million
in average water years, and 5.1 maf in drought years,people, the State still has large areas of open space and

Summary o! Key Statistics
Shown below for quick reference are some key statistics presented in Chapter 4. Water use information is based on average
water year conditions. The details behind the statistics are discussed later.

1995 2020 Forecast Change

Population (million) 32.1 47.5 + 15.4

Irrigated crops (million acres) 9.5 9.2 -0.3
Urban water use (mar) 8.8 12.0 +3.2

Agricultural water use (ma-0 33.8 31.5 -2.3

Environmental water use (mar) 36.9 37.0 +0.1

1995 2020

Urban Urban
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FIGURE 1-1
California in Relation to the United States

lands set aside for public use and enjoyment, includ-
ing 18 national forests, 23 units of the national park
system, and 355 units of the state park system. Cali-
fornia is a state of great contrasts. Population density
ranges from over 16,000 people per square mile in the
City and County of San Francisco to less than 2 people
per square mile in Alpine Coun~ The highest (Mount
Whitney) and lowest (Death Valley) points in the con-
tiguous United States are located not far from each
other in California. The State’s average annual precipi-
tation ranges from more than 90 inches on the North
Coast to about 2 inches in Death Valley.

To put California’s population into perspective,
about one of every eight U.S. residents now lives in
California. During the time period covered in the Bul-
letin (the 25 years from 1995 to 2020), California’s
population is forecast to increase by more than 15 mil-
lion people, the equivalent of adding the presentYosemlte Natlonal Park is one of the U.8. Park &rvice’s most
populations of Arizona, Nevada, Oregon, Idaho, Mon-popular fadliu’es. Here, Half Dome is se~n fkom the Mereed
tana, Wyoming, New Mexico, and Utah to California,River.

1-3 INTRODUCTION []
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FIGURE 1-2
California’s Expected Population Growth Versus Neighboring States’ Populations

Anticipated
Population Montana
Growth
In California Oregon
By 2020

Idaho

Wyoming

Nevada
Populations of /
Neighboring /

Utah

States

New Mexico 1.7
Arizona 4.3
Nevada 1.5
Oregon 3.1 Arizona
Idaho 1.2
Wyoming 0.5. ~

New Mexico

ut~ 2.oi ~,~,
Montana 0.9 ! :

TOTAL: t15.2 re;Ilion ~ The antidpated

growth in Callfornia ’s population
by theyear 2020 h approximately
equivalent to the combined 1995
population of these eight neighboring states.

as shown in Figure 1-2. Today, four of the nation’s 15
largest cities (Los Angeles, San Diego, San Jose, and
San Francisco) are located in the State.

California’s population and abundant natural re-
sources have helped create the State’s trillion-dollar
economy which, according to the California Trade and
Commerce Agency, ranks seventh among world eco-
nomic powers. California’s water resources have helped
it maintain its status as the nation’s top agricultural
state for 50 consecutive years. It is the nation’s leading
agricultural export state, the sixth largest agricultural
exporter in the world, the nation’s number one dairy
state, and the producer of 55 percent of the nation’s
fruits, nuts, and vegetables. California is the primary

Despite the State’s inereaMng human populatlon, many spedesU.S. producer ofspecialty crops such as almonds, arti-
of wildllfe still call Callfornla home. Some of the larger

chokes, dates, figs, kiwifruit, olives, pistachios, andanimalspedes thatj~equently coexlstwlth suburban develop-
walnuts. Ten of the top 15 agricultural counties in thement, llke this opossum, are nocturnal Suburban residents
U.S. are in California. thus may not realize how widespread these species are.
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Mount Shasta,
a Cascade Range

volcano, dominates
the horizon in

the northern
Sacramento

California is a state of diverse climates and land-
FIGURE 1-3

forms. Figure 1-3 is a 1relief map of California Relief Map of California
illustrating the State’s major geomorphic provinces. In
roughly north to south order, major geomorphic fea-
tures are: the Klarriath Mountains, Modoc
Plateau, Cascade Range, Central Valley, Si-
erra Nevada, Coast Range, Great Basin,
Transverse Ranges, Mojave Desert, Peninsu-
lar Ranges, and Colorado River Desert.

The Klamath Mountains are a rugged
mountain range on the Califo.rnia-Oregon
border. To the east, the Cascade Range is a
chain of volcanic cones that stretches from Cali-
fornia into Washington. Until the
eruption of Mount St. Helens in Washing.ton,
Mount Lassen (the southernmost of the Cascade
volcanos) was the most recently active volcano in
the United States outside of Alaska and Hawaii. The
Modoc Plateau to the east of the Cascade Range is
the southernmost part of a broad area of lava flows
and small volcanic cones covering much of eastern
Oregon and southeastern Washington. The Pit River,
a major Sacramento River tributary; winds through
the Modoc Plateau and crosses the Cascade Range

Mojavebetween two of its major volcanos--Shasta and De~er[
Lassen. >

The Central Valley is an alluvial basin over 400
miles long by about 50 miles wide, bounded by the

ColoradoCoast Range on the west and the Sierra Nevada on River
the east. Except for the Tulare Lake drainage at the Des~t

southern end of the valley (a dosed drainage basin), Ranges
rivers draining the Sierra Nevada flow onto the valley.
floor, join with the Sacramento or San Joaquin Riv-
ers, and flow through a gap in the Coast Range to
San Francisco Ba)~ The Central Valley provides about
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80 percent of the State’s agricultural production. TheThe Great Basin (also called the Basin and Range prov-
Sierra Nevada is a fault block mountain range whoseince) begins on the east side of California’s Sierra
western slopes are marked by deep river-cut canyons.Nevada and extends across Nevada and into Utah. Also
Sierran rivers furnish much of California’s developeda region of interior drainage, it is characterized by fault
surface water supplies, block mountain ranges separated by roughly north-

The Coast Ranges are bounded on the north bysouth trending valleys, such as Owens Valley and Death
the Klamath Mountains and on the south by the Trans-Valley.
verse Ranges. The San Andreas Fault is a prominent Figure 1-4 shows the location of the State’s major
geologic feature of the Coast Ranges; its path canwater projects. The federal Central Valley Project is
readily be traced in areas where faulting has controlledthe largest water project in California and the
the direction of watercourses such as the Gualala RiverDepartment’s State Water Project is the second larg-
on the North Coast. The San Andreas Fault extendsest. (Descriptions of these, and of some of the larger
into the San Bernardino Mountains of the Transverselocal water projects, are provided in Chapter 3.) The
Ranges geomorphic province (so called because these
mountain ranges trend east-west). The Peninsular
Ranges (which trend north-south) are a cluster of
ranges separated by long valleys dividing, for example,
the Riverside area from the Los Angeles coastal plain.

The western edge of the Mojave Desert is delin-
eated by the Garlock Fault and by a portion of the San
Andreas Fault. The Mojave is a region of interior drain-
age characterized by large areas of alluvium with
scattered areas of recent volcanic features. The Mojave
has numerous playa lakes, including Silver Lake, the
terminus of the Mojave River. The Colorado River

Looking out toward the floor of Death Vall~j~om Zabriskie
Desert to the south, also a closed drainage basin, is aPoint. Borate mln~rals concentrated by eentutqes ofevapora-
lower elevation desert whose most prominent featuret~ononthevalle~floorw~reminedherelnthel8OOsandhauled
is the Salton Sea, which occupies a structural trough.#om the valley by mule teams.

California’s Largest Water Retailers
Shown below are some of the largest annual retail water deliveries by local agencies, to illustrate the magnitude of
. urban and agricultural water demands. Retail delivery is the water supplied to an individual urban or agricultural
customer. (Local agencies that wholesale water, such as Metropolitan Water District of Southern California or the
City and County of San Francisco, have larger annual deliveries than the amounts shown here.)

Historical Maximum Annual Retail Water Deliveries
Water Agen~                              Year                       Delivery (ta)9

Agricultural
Imperial Irrigation District !996 2,846
Wesdands Water District 1984 1,444
Glenn-Colusa Irrigation District 1984 831
Turlock Irrigation Dis.trict 1976 687
Fresno Irrigation District 1995 627

Urban
Los Angeles Department of Water and Power 1986a 706
City of San Diego 1989 257
East Bay Municipal Utility District 1976 249
San Jose Water Company 1987 128
City of Fresno 1996 125

a For fiscal year from July 1986 to June 1987.
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FIGURE 1-4
California’s Major Water Projects
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sidebars highlight California’s largest waterbodies and hydrologic region, a unit used extensively in this Bul-
provide information on historic water deliveries by letin. California has ten hydrologic regions,
California’s largest water retailers, to provide a perspec- corresponding to the State’s major drainage basins. The
tive on California’s water resources and water use. next level of delineation below hydrologic regions is

the planning subarea. Some of the regional water man-
Bulletin 160-98 Hydrologic Regions        agement plans in Chapters 7-9 discuss information at

Figure 1-5 shows California’s hydrologic regions, the PSA level. The smallest study unit used by the
The Department subdivides the State into regions for Department is the detailed analysis unit. California is
planning purposes. The largest planning unit is the divided into 278 DAUs. Most of the Department’s

California Water Statistics
California’s Largest Lakes, Reservoirs, and Rivers

Natural (Undammed) Lakes

Lake Storage Capacity (tat0 Comments

Salton Sea 7,500 .At water surface elevation of-226 feet.
This is a saline lake.

Mono Lake 2,620 At water surface elevation of 6,383.2 feet.
This lake is also saline.

Eagle Lake 640 At water surface elevation of 5,107 feet.
Has no oudet and is somewhat alkaline.

Goose Lake 475 At water surface elevation of 4,700 feet.
Partly in Oregon. The lake is alkaline.

Reservoirs Constructed at Sites Not Previously Occupied by Pre-existing Natural Lakes

Reservoir Capacity (tar) Owner

Shasta 4,552 USBR
Oroville 3,538 DWR
Trinity 2,448 USBR
New Melones 2,420 USBR

Reservoirs Constructed by Damming Pre-existing Natural Lakes
Reservoir Capacity (tar)a Owner

Lake Tahoe 745 USBR
Clear Lake (Modoc County) 451 USBR
Clear Lake (Lake County) 315 YCFCWCDb

Rivers
Based on average annual runoff (maO Based on watershed area (square miles)
Sacramento River 22.4 Sacramento River 26,548
Klamath River 11.1 San Joaquin River 15,946
San Joaquin River 6.4 Klamath (Califbrniaportion only) 10,020
Eel River 6.3 Amargosa River (Cali~rniaporEon only) 6,442

a Storage capacity shown is the operable capacity of the reservoir, not the total capacity of, the lake.
b Yolo County Flood Control andWater Conservation District
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FIGURE 1-5

California’s Hydrologic Regions
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California’s Hydrologic Regions

North Coast Klamath River and Lost River Basins, and all basins draining into the Pacific Ocean from the Oregon
stateline southerly through the Russian River Basin.

San Franelseo Bay Basins draining into San Frandsco, San Pablo, and Suisun Bays, and into Sacramento River downstream
from Collinsville; western Contra Costa County; and basins direcdy tributary to the Pacific Ocean
below the Russian River watershed to the southern boundary of the Pescadero Creek Basin.

Central Coast Basins draining into the Pacific Ocean below the Pescadero Creek watershed to the southeastern
boundary of Rincon Creek Basin in western Ventura County:

South Coast Basins draining into the Pacific Ocean from the southeastern boundary of Rincon Creek Basin to the
Mexican boundary.

Sacramento River Basins draining into the Sacramento River system in the Central Valley (including the Pit River
drainage), from the Oregon border south through the American River drainage basin.

SanJoaquin River Basins draining into the San Joaquin River system, from the Cosumnes River Basin on the north
through the southern boundary of the San Joaquin River watershed.

Tulare Lake The dosed drainage basin at the south end of the San Joaquin Valley, south of the San Joaquin River
watershed, encompassing basins draining to the Kern, Tulare, and Buena Vista Lakebeds.

North Lahontan Basins east of the Sierra Nevada crest, and west of the Nevada stateline, from the Oregon
border south to the southern boundary of the Walker River watershed.

South Lahontan The closed drainage basins east of the Sierra Nevada crest, south of the Walker River watershed,
northeast oftheTransverse Ranges, north of the Colorado River Region. The main basins are the
Owens and the Mojave River Basins.

Colorado River Basins south and east of the South Coast and South Lahontan regions; areas that drain into the
Colorado River, the Salton Sea, and other dosed basins north of the Mexican border.

Bulletin 160 analyses begin at the DAU level, and the for constructing water supply infrastructure (such as
results are aggregated into hydrologic regions for pre- the Davis-GrunskyAct and Small Reclamation Projects
sentation. Act programs).

The emergence of the environmental movement
Some Trends in California Water in the latter part of the 1960s began to effect a change
Management Activities in society’s values, increasing the desire to preserve

Key dates in California’s water history are shown natural areas in a relatively undeveloped condition.
in the sidebar.The late 1940s through the 1970swas a With enactment of a number of environmental pro-
period of significant expansion of the State’s infrastruc- tection statutes, the State and federal governments’ roles
ture, in response to California’s post-World War II in water began to shift from development to manage-
population boom. During this time, the State expanded ment and regulation. In the 1970s, the "taxpayer
its highway system, constructed the State Water Project, revolt", typified by voter support for Proposition 13,
and established a blueprint for a higher education sys- reduced available funding to local agencies. (Two re-
tem. At the federal level, many of the Central Valley cent influences on funding sources for resources
Project’s major facilities were constructed. There was programs include deficit reduction goals for the fed-
substantial State and federal government involvement eral budget and voter approval of Proposition 218, a
in--and funding for--water resources development, measure to limit the ability of local governments to
including direct financial assistance to local agencies levy assessments.) There was a reduction in construc-
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A California Water Chronology
In 2000, California will celebrate its sesquicentennial (150 years of statehood). Within this relatively short time period,

the State’s major water infrastructure and complex institutional framework for managing water have been developed. The
following chronology highlights some key points in California’s water history.

1848 Treaty of Guadalupe Hidalgo transfers California from Mexico to the U.S.
1848 Gold is discovered at Sutter’s Mill on the American River.
1850 California is admitted to the Union.

1871 First reported construction of a dam on Lake Tahoe.
1884 Hydraulic mining is banned because of its impacts on navigation and contribution to flooding.
1886 Lux v. Haggin addresses competing water rights doctrines of riparianism and prior appropriation.

1887 Legislature enacts Wright Irrigation District Act, allowing creation of special districts.
1887 Tutlock Irrigation District becomes first irrigation district formed under the Wright Act.

1895 World’s first long-distance transmission of electric power (22 miles), from a 3,000 kW
hydropower plant at Folsom to Sacramento.

1902 Congress enacts the Reclamation Act of 1902, creating the Reclamation Service, and authorizing

federal construction of water projects.
1905 Salton Sea is created when the Colorado River breaches an irrigation canal and flows into the Salton Trough.
1913 First barrel of Los Angeles Aqueduct completed.

1914 California’s present system of administering appropriative water rights is established by the
Water Commission Act.

1922 Colorado River Compact signed.
1928 California Constitution amended to prohibit waste of water and to require reasonable beneficial use.

1928 Saint Francis Dam fails.
1929 State dam safety program goes into effect.

1929 East Bay MUD’s Mokelumne River Aqueduct is completed.
1934 San Francisco’s Hetch Hetchy Aqueduct is completed.
1940 All American Canal is completed.

1941 Colorado River Aqueduct is completed.
1945 Shasta Dam is completed.

1957 The Department publishes Bulletin 3, the California Water Plan.
1960 California voters approve the Burns-Porter Act, authorizing the sale of bonds to finance

State Water Project construction.
1968 Oroville Dam is completed.
1968 Congress enacts National Wild and Scenic Rivers Act.

1969 Legislature enacts Porter-Cologne Act, the foundation of California water quality regulatory programs.
1969 Congress enacts National Environmental Policy Act.
1970 Legislature. enacts California Environmental Quality Act.

1972 Legislature enacts California Wild and Scenic Rivers Act.
1973 California Aqueduct is completed.
1978 California v. U.S. held that the U.S. must obtain water rights under State law for reclamation projects,

absent clear congressional direction to the contrary.
1978 SWRCB issues Decision 1485, requiring the CVP and SWP to meet specified Bay-Delta operating criteria.
1983 National Audubon Society v. Superior Court sets forth the application of public trust concepts

to water rights administered by SWRCB.

1990 Congress enacts the Truckee-Carson-Pyramid Lake Water Rights Settlement Act (PL 101-618).
1992 Congress enacts the Central Valley Project Improvement Act (PL 102-575).
1994 SWRCB issues Decision 1631, requiring specified protections for Mono Lake levels.
1994 Bay-Delta Accord signed; its original three-year term was subsequently extended to a total of four years.
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The founding of the
San Diego Mission

in 1769 is eonsldered
to mark the

California’s water
supply development.

This 1918photo
shows the ruins of
the mission’s dam.

Courtesy of

~nter Archives,

Univerd~y of
Cal~rnta, B~kel~

tion of large-scale water projects from the 1980s on- Changes Sincethe Last
ward. The result of these changing circumstances wasCalifornia Water Plan Update
that few large-scale water management actions were
able to move forward after the late 1960s. Since there The last Ca/ifornia Water Plan update, Bulletin
is a long lead time for developing large water supply160-93, was published in 1994 and used 1990-1eve1
projects, the consequences were not immediately felt.information to represent base year water supply and

A theme now dominating much water manage-demand conditions. At that time, California had re-
merit planning at the statewide level is ecosystemcently emerged from the six-year drought and
restoration (accompanied by substantial funding). Bay-Bay-Delta issues were in a state of flux. Bulletin 160-
Delta actions are an example of this trend--voter98 uses 1995-level information to represent base year
approval of Proposition 204 provided $460 millionconditions, including new (interim) Bay-Deka stan-
for State restoration actions directly associated withdards.
the Delta, and another $93 million in State matching Changes in Delta conditions are a major differ-
funds for the U.S. Bureau of Reclamation’s Centralence between the two bulletins. Bulletin 160-93 was
Valley Project Improvement Act restoration actions,based on SWRCB D-1485 regulatory conditions in
USBR’s annual budget for CVPIA restoration actionsthe Delta, and used a range of 1 to 3 mar for unspeci-
covered by the Restoration Fund has beer~ in the $40fled future environmental water needs--a range that
million range. Other examples of funding for envi-reflected uncertainties associated with Bay-Delta wa-
ronmental restoration actions are described throughoutter needs and Endangered Species Act implementation.
the Bulletin. Bulletin 160-98 uses SWRCB’s Order WR 95-6 as the

Greater local government and other stakeholderbase condition for Bay-Delta operations, and describes
participation in statewide-level water managementproposed CALFED actions for the Bay-Delta.
decision-making is an emerging trend. Formal gover- Bulletin 160-93 was the ~irst Ca/ifornia WaterP/an
nance structures are being employed to coordinate andupdate to examine the demand/supply balance for
manage the collective actions of local agencies. Fordrought water years as well as for average water years,
example, CVP water users formed three joint powersa response to water shortages experienced during the
authorities to contract with USBR for operation andthen-recent drought. Bulletin 160-98 retains the
maintenance of CVP facilities. Those JPAs have beendrought year analysis and also considers the other end
working with USBR to develop mechanisms to allowof the hydrologic spectrum--flooding. Traditionally,
the JPAs to finance normal operations and mainte-water supply has been the dominant focus of the wa-
nance activities, rather than going-through theter plan updates. In response to the January 1997
congressional appropriations process. Another JPA hasflooding in Northern and Central California, Bulle-
been formed by two county governments and twotin 160-98 highlights common areas in water supply
water agencies to implement Salton Sea restorationand flood control planning and operations and era-
actions, phasizes the benefits of multipurpose facilities.
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ultimate responsibility for meeting their service areas’
needs. About 70 percent of California’s developed wa-
ter supply is provided by local agencies.

Bulletin 160-98 excludes groundwater overdraft
from the Bulletin’s base year water supply estimate and
is therefore the first water plan update to show an av-
erage water year shortage in its base year. (Both of the
bulletins excluded future groundwater overdraft from
future water supply estimates.) About 1.5 mar of the
1.6 maf base year shortage is attributable to ground-
water overdraft.

Agreonents reached in the 1994 Bay-DeltaAecord were Finally, Bulletin 160-98 uses applied water data,
widely hailed as a truce in California’s water wars. The rather than the net water amounts historically used in
approach taken in the Bay-Delta exempl~j~es some hallmarks the water plan series. This change was made in response
of today’s water management actlvltlesmlnereased to public comments that net water data were more
partielpation by localgovernments and other stakehoM~rs in difficult to understand than applied water data. Thisstatawlde water management issues, and slgn~eant q~orts to

concept is explained in Chapter 4.
carry out ecosystem restoration actions.

Changes in Response to Bulletin 160-93 Changes in Future Demand/Shortage Forecasts
Public Comments Bulletin 160-93 used a planning horizon of 1990-

Other changes between the two reports resulted2020. Bulletin 160-98 uses a planning horizon of
from public comments on Bulletin 160-93. The domi-1995-2020. Bulletin 160-98 uses the 2020 planning
nant public comment on Bulletin 160-93 was that ithorizon because no major data changes occurred be-
should show how to reduce the gap between existingtween the two reports that would justify extending the
supplies and future demands, in addition to. makingplanning horizon. Urban water demands depend
supply and demand forecasts. Bulletin 160-98 ad-heavily on population forecasts--the next U.S. Cen-
dresses that comment by presenting a compilation ofsus will not be conducted until 2000. Appendix 1A
local agencies’ planning efforts together with poten-compares some key 2020 average year forecasts from
tial water management options that are statewide inthe two bulletins.
scope. Local agencies’ plans form the base for this ef- The water plan series uses population forecasts
fort, since it is local water purveyors who have thefrom the Department of Finance. DOF reduced its

Flooding in Modesto
durlngJanuary 1997.
The January 1997floods
in the Central Valley
demonstrated the need for
inereased flood protection
in sevwal major
urbanized areas.
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2020 forecast for California in the period betweenconservative approach yielded higher demands than
Bulletin 160-93 and Bulletin 160-98. The reductionoperations studies would have provided. (Use of op-
reflects the impacts of the economic recession in Call-erations studies to calculate water supply requirements
fornia in the early 1990s. California experienced ais explained in Chapter 3.)
record negative net domestic migration then, as more
people moved out of the State than moved in. ThisPreparation of Bulletin 160-98
reduction in the population forecast translates to a re-
duction in forecasted urban water use in Bulletin Although the water plan updates are published
160-98. only every five years, the Department continuously

The 2020 forecasted agricultural water demandscompiles and analyzes the annual data used to prepare

increased from Bulletin 160-93 to Bulletin 160-98,them. After publication of Bulletin 160-93 in 1994,

even though the forecasted crop acreage decreasedthe remainder of that year was devoted to finishing
slightly. This increase resulted from elimination of thedata evaluation deferred during the Bulletin’s produc-
"other" category of water use shown in Bulletin 160-tion. Work on Bulletin 160-98 began in 1995. A

93, which included conveyance losses. For Bulletincitizen’s advisory committee with more than 30 meta-

l60-98, water in the "other" category was reallocatedbers, representing a wide range of interests, was
to the major water use categories to simplify informa-established to assist the Department in its preparation

tion presentation. Most of the conveyance losses areof the next water plan update. The advisory commit-
associated with agricultural water use. Combining thetee met with Department staff 17 times over the period

"other" category into the major water use categoriesof Bulletin 160-98 preparation, and in August 1997
most affected the agricultural water demand forecast,reviewed an administrative draft that preceded release
As shown in Appendix 1A, when conveyance lossesof the public review draft at the end of January 1998.
are factored out of the Bulletin 160-98 forecast, agri-The review period for the public draft extended
cultural water use decreases between Bulletin 160-93through mid-April 1998, during which time public
and Bulletin 160-98. meetings were held and presentations were made to

Bulletin 160-93 was the first water plan update tointerested parties. The draft was also made available

quantify environmental water use, recognizing theon the World Wide Web. Over 4,000 copies of the
importance of the water that is dedicated to environ-public review draft were distributed. Comments re-
mental purposes and that this water is unavailable forceived on the public review draft were addressed in
future development for other purposes. As illustratedthe final version of the Bulletin.
earlier, the environmental sector is California’s largest

Public Comments on Draftwater using sector. Bulletin 160-98 uses the same defi-
nition and quantification procedure for environmental The Department received over 200 comment let-
water use as did Bulletin 160-93. ters on the draft and additional comments from public

The 2020 environmental water demand forecastmeetings. A summary of the comments is provided in
increased substantially from Bulletin 160-93 to Bulle-Appendix lB. Many comments were provided by lo-
tin 160-98. This increase results from implementationcal agencies whose facilities and projects are described
of the Bay-Deha Accord, inclusion of additional wildin the public draft, and dealt with edits or corrections
and scenic river flows, and increased instream flow re-regarding those facilities or projects. Another major
quirements, class of comments dealt with polic~ conceptual, or

The shortage shown in Bulletin 160-98 is similaranalytical subjects. Many of these comments were in-
in magnitude to the low end of the shortage range re-fluenced by discussions taking place in the CALFED
ported in Bulletin 160-93. The treatment of forecastedBay-Delta program and reflected the commenters’
Bay-Delta environmental water demands accounts forpositions on CALFED issues. For example, proponents
much of the difference. A 1 to 3 mar range of poten- of CALFED’s no conveyance improvements alterna-
tial future environmental water demands was addedtive generally expressed opposition to Bulletin 160-98’s
to the Bulletin 160-93 base environmental water de-exclusion of groundwater overdraft as a supply, because
mand forecast, rather than being evaluated throughthis approach increases overall statewide shortages. The
operations studies, because Bay-Delta regulatory as-Department received positive public comments on
sumptions could not be determined then. ThisBulletin 160-93 when it excluded groundwater over-
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draft as a supply for the first time, and also receivedjurisdiction or the jurisdiction of other State agencies.
positive comments on its treatment of overdraft forFor example, the Department’s role in developing wa-
Bulletin 160-98. ter supply for local agencies is limited to fulfilling its

Often, public comments conflicted with one an-State Water Project contractual obligations. (The De-
other. For example, environmental organizationspartment may provide financial assistance to local
frequendy stated that the Bulletin should include moreagencies for various water management programs as
future water conservation, while water purveyors fte-authorized under bond measures enacted by the Leg-
quently stated that levels assumed in the Bulletin wereislature and approved by the voters.) The Department
overly optimistic. Some comments suggested that thehas no regulatory authority to mandate how local wa-
Bulletin’s future water demands could be reduced byter agencies price their water supplies, or to require
raising water prices, while others felt that the forecastedthat local agencies adopt one type of water manage-
demands were too low and did not take into accountment option over another. Comments such as those
future needs of California’s population and agriculturalsuggesting that the Department make plans for con-
economy. Likewise, some comments expressed philo-trol of nonpoint source pollution or food production
sophical opposition to constructing more reservoirs inaddress the jurisdictional areas of other State agencies.
California, while others emphasized the need for more The subject of flood control merits special men-
storage and flood control reservoirs. The Departmenttion because of the direct relationship between
considered these comments in the context of theoperations of water supply projects and flood control
Bulletin’s goal of accurately reflecting actions that wa-projects. The purpose of the water plan update series
ter purveyors statewide would be reasonably likely tois to evaluate water supplies, but those supplies can be
implement by year 2020. affected by flood control actions such as increasing the

Some comments suggested that Bulletin 160-98amount of reservoir storage dedicated to flood control
(or the Department, or the State of California) advo-purposes. With memories of the disastrous January
cate or express a vision on a variety of subjects--1997 floods still flesh in peoples’ minds, some
including State-funded water supply development, sus-commenters recommended that Bulletin 160-98 de-
tainable development, nonpoint source pollution, floodvote more attention to flood control needs, including
control, food production security, mandatory waterneeds such as floodplain mapping programs that are
pricing, and greater use of desalting (by entities othernot directly related to water supply considerations. The
than the commenter). Such an approach is outside the1997 Final Report of the Governor’s Flood Emergency
scope of the Department’s water plan update series.Action Team describes recommended actions to be
The role of the Bulletin 160 series is to evaluate presenttaken based on the damages experienced in January
and future water supplies and demands given current1997. The Department has referenced sections of that
social/economic policies, and to evaluate progress inreport throughout Bulletin 160-98. Bulletin 160-98
meeting California’s future water needs. As appropri-emphasizes the interaction between water supply and
ate, the Bulletin discusses how other factors such asflood control planning, and points out the benefits
flood control may relate to water supply planning, associated with multipurpose water projects.

In its forecasts, the Department is making a As discussed in the following section, the Depart-
fundamental assumption that today’s conditions--fa-ment received a number of comments requesting that
cilities, programs, water use patterns, and otherBulletin 160-98 quantify future water supply uncer-
factors--are the basis for predicting the future. (And,tainties associated with ongoing programs or regulatory
as one commenter correctly pointed out, Bulletin 160-actions, such as the CALFED Bay-Delta program,
98 also assumes that California’s climate will remainFederal Energy Regulatory Commission hydroelectric
unchanged over the Bulletin’s 25-year planning hori-plant relicensing, and Endangered Species Act listings.
zon.) This approach differs distinctly from the approachText has been added that quantifies those actions for
of establishing a desired future goal or vision, and thenwhich data are available.
preparing a plan that would implement that goal or The Department also received some comments
vision. Such a plan would require public acceptancethat could not be incorporated in Bulletin 160-98 be-
that simply does not exist today, cause they suggested substantial changes in the scope

Many of the advocacy or vision comments de-or content of the Bulletin that could not be addressed
scribed above are also not within the Department’sbefore the Bulletin’s due date to the Legislature, or
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suggested changes for the next update ofthe water plan.Presentation of Data in Bulletin 160-98
The scope of Bulletin 160-98 was established in coor- Water budget and related data are tabulated by
dination with the Bulletin’s advisory committee inhydrologic region throughout the Bulletin. The state-
1995, just as the scope of the next plan update (fivewide totals in these tables are generally presented as
years hence) will have to be established early in therounded values. As a result, individual table entries
process of preparing that update. The Department willwill not sum exactly to the rounded totals.
consider these long-term comments when work be- In the water budget appendices 6A, 6E, and 10A,
gins on the next update, regional water use/supply totals and shortages are not

rounded. Individual table entries may not sum exactlyWorks in Progress and Uneertalnties
to the reported totals due to rounding of individual

The descriptions of major California water man-entries for presentation purposes.
agement activities provided in the Bulletin are generally
current through July 1998. There are several pendingOrganization of Bulletin 160-98
activities that could be characterized as works in
progress, including the CALFED Bay-Deha program Chapter 2 provides an overview of recent events
and Colorado River water use discussions. For pro-in California water and summarizes significant changes

grams such as these, the Bulletin describes their currentin statutes and programs since the publication of Bul-
status and potential impacts, if known, on future wa-letin 160-93. An appendix for Chapter 2 summarizes
ter supplies. There are uncertainties associated withsome State and federal statutes affecting water man-
the outcomes of these activities, just as there are withagement. Chapters 3 and 4 cover water supplies and
any process that is evaluated in mid-course, water uses. Chapter 5 describes the status of technol-

As noted at the beginning of this chapter, eachogyapplications relating to water suppl)~ reflecting the
water plan update focused on issues or concerns ofcontinuing public interest in topics such as potential

special interest at the time of its publication. Waterfuture use of seawater desalting, status of water con-

use for hydroelectric power generation is a good ex-servation and use technologies, or fish screening
ample ofthisfocus. Bulletin 160-83 was the last watertechnology applications.
plan update to review hydropower generation use, be- Chapters 6-9 focus on ways to meet California’s

cause no major changes have occurred since the latefuture water needs. Chapter 6 covers statewide level

1970s/early 1980s, when high energy prices and fa-water management actions, including actions such as
vorable tax treatment for renewable energy spurred athe CALFED Bay-Delta program, SWP future water
boom in small hydropower development. Today un-supply options, and CVHA fish and wildlife water
certainties about water supply and water use associatedacquisition. Chapters 7-9 evaluate regional water man-

with hydropower production are increasing, with theagement options for each of the State’s ten major

1998 initiation of deregulation for California inves-hydrologic regions. These regional evaluations are com-
tor-owned utilities and the prospect of FERCbined in Chapter 10 into a tabulation of actions likely

relicensing of several powerplants on major Sierra Ne-to be taken to meet California’s future water needs.
vada rivers between 2000 and 2010. Although there isThe water budget tables in Chapter 10, shown for a

presendy little information available on which to base2020 level of demand with future water management

forecasts of resultant changes in water supplies, moreoptions, are key summaries of the Bulletin’s planning
information is likely to be available for the next waterprocess. Appendices follow at the end of the chapters
plan update, in which they are referenced. Following Chapter 10

Colorado River interstate issues are a new addi-are a brief glossary and list of abbreviations and acro-
tion to a statewide water picture largely dominated bynyms used in the text.

Delta and CVPIA issues in the recent past. Achieving An executive summary of Bulletin 160-98 is avail-

a solution to California’s need to reduce its use of Colo-able as a separate document.
rado River water to the State’s basic apportionment (a
reduction of as much as 900 tar from historical uses)
requires consensus among California’s local agencies
that use the river’s water, as well as concurrence in the
plan by the other basin states.
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Comparison of
2020 Average Year Forecasts

Between Bulletin 160-93
and Bulletin 160-98

Table 1A-1 compares some key 2020 average yearmajor canal conveyance losses, recreation use, cooling
forecasts from Bulletin 160-93 and Bulletin 160-98.water use, energy recovery use, and use by high water

Bulletin 160-93 provided water use informationusing industries. Water uses previously categorized as
as applied water, net water, and depletion. The table"other" are included in the Bulletin 160-98 urban,
shows Bulletin 160-93 urban, agricultural, and envi-agricultural, arid environmental water use categories
ronmental water use as applied water demands, to beaccording to their intended purpose. To provide a
compatible with Bulletin 160-98 applied water usemeaningful comparison with Bulletin 160-93 water
data. use data in the table, water use previously classified as

"other"Bulletin 160-93 included a fourth category of was removed from the Bulletin 160-98 data.
water use called "other." This "other" category included

TABLE 1A-I

2020 Average Year Forecasts

Bulletin 1ff0-93
Bull~’n 1~0-98

Population (million) 48.9 47.5
Irrigated crop acreage (million acres) 9.3 9.2
Urban water use (mat3 12.7 - 11.4a
Agricultural water use (mat] 28.8 28.3a

Environmental water use (mat] 30.3-32.3 36.9~
Average water shortageb (mat] 3.7~5.7 ’ 2.4
a The "other" category of water use was removed to make the 160-93 and 160-98 numbers d~ectly comparable, as described in the text.
b As described in the t~t, a major reason for the change in the shortage numbers between the two bulletins was differences in forecasted B~y-Delta

environmental water demands. Shortage values are ~ot exactly comparable, as Bulletin 160-93 presented net water shortages and Bulletin 160-78 presented
applied water shotxages
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Summary of Public Comments
on Draft Bulletin 160-98

Work on Bulletin 160-98 began in 1995. A pub-tions. Copies of comments received are available for
lic advisory committee with more than 30 membersreview at the Department’s office.
representing a wide range of interests was established
to assist the Department in preparing the water planThe Ro|~ o[ th~ $tat¢~ t11~ D~partrn~nl,
update. The advisory committee met with Departmentalld 111~ ~a|~r Plan Updat~ $~ri~$

staffl7 times over the period of Bulletin 160-98 prepa-¯ The Department should take the lead in planning
mtionand, inAugust 1997, reviewed an administrativenew facilities to meet California’s future needs.
draft that preceded the public review draft’s rdease at(Chapter 6, Chapter 10)
the end of January 1998. Over 4,000 Copies of the¯ The Bulletin only summarizes the actions that
draft were distributed. The &aft was also made avail- local agencies are taking to meet future needs. It
able on the World Wide Web. The review period for does not acknowledge the State’s responsibility for
the public draft extended through mid-April 1998,meeting California’s water needs. (Chapter 6,
during.which time eight public meetings were heldChapter 10)
and presentations were made to interested parties..The¯ The State should provide financial assistance to
Department received about 200 letters, form letters,local agencies to help them meet future water
postcards, and other comment submissions, needs. Many agencies cannot afford the actions

Because this update of the water plan focused onthat would be required to provide reliable supplies
local agency water management actions, the Depart-for their service areas. (Chapter 6, Chapter 10)
ment received many local agency comments with¯ The Department should take steps to meet the
corrections, updates, or other changes to the draft’sfurore needs of water users in the area of origin.
text on their facilities, service areas, or programs. The(Chap_ter 6; Chapter 8)
Department also received many comments relating to¯ The State should provi.de leadership in addressing
CALFED Bay-Delta program activities. CALFED’s California’s serious groundwater over&aft. (Chap-
draft PEIR/PEIS was released during the Bulletin 160-ter 3, Chapter 4, Chapter 8, Ctiapter 10)
98 public review period; comments on Bulletin 160-98¯ The State should take an active role in promoting
often reflected commenters’ positions on the CALFEDor enforcing water conservation, and should take
document. For example, proponents of CALFED’s action to reduce wa~er waste and high water use
alternative one generally commented that the Bulletin’sby agriculture.. (Chapter 4, Chapter 6)
furore water demand forecasts were too high. ¯ The State should require local agencies to price

The following sections summarize the most fre-their water in a manner that reflects its tree cost
quently repeated comments. Public comments oftenor to achieve goals such as water conservation.
conflicted with one another. Specific comments or edits(Chapter 4)
on descriptions of local agencies’ facilities andprograms¯ The Bulletin does not plan for the State’s future~
are.not included in tlie summary due to space limita-it tabulates a list of possible options. A plan should

1B-1 APP~IDIX 1B ~
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contain a process for achieving the desired goal Colorado River Board 4.4 Plan negotiations, new
and should identify financing ~ources. (Chapter 6, ESA listings) should be updated. (Chapter 2,
Chapter 10) Chapter 6)

¯ The Bulletin should prioritize the options that̄ The Bulletin should show a range of shortage out-
most urgendy need to be implemented, perhaps comes to reflect uncertainties associated with new
those that would eliminate average year water ESA listings, FERC relicensing, CVPIA supple-
shortages. (Chapter 6, Chapter 10) mental water acquisition, SWRCB’s Bay-Delta

¯ The Bulletin should plan explicidy for future flood water rights proceedings, and CALFED. (Chap-
control needs. . (Chapter 3, Chapter 6, Chapter 8, ter 6, Chapter 10)
Chapter 10)

¯ The Bulletin’s scope should be expanded beyond
water supply planning to include planning forWater Supplies and Demands
nonpoint source pollution control and control-̄ There were comments on groundwater supplies
ling agricultural drainage. (Chapter 6, Chapter 10) or overdraft for individual groundwater basins or

¯ The Bulletin should plan for the agricultural wa- hydrologic regions. There were also several com-
ter supply needed to maintain California’s ments about boundaries of specific groundwater
agricultural production and to grow the food that basins or sub-basins. A general comment was that
will be needed by the State’s increasing popula- the Bulletin needs to place more emphasis on good
don. (Chapter 4, Chapter 10) groundwater data. (Chapter 3)

¯ The Bulletin’s treatment of 1995 and 2020

The Bulletin in General
groundwater overdraft as not available as a source
of supply accurately represents dependable water

¯ The Bulletin does a good job of presenting a bat- supplies. Groundwater overdraft is not sustainable
anced overview of California water Supplies and over the long term and should not be a long-term
demands, and options for meeting future needs, solution to water supply needs. (Chapter 3)
(no specific chapter) ¯ Groundwater overdraft should not be treated as

¯ The Bulletin has fundamental flaws in methodoI- creating a shortage, but should be a source ofsup-
ogy and should not be used to support ply. Farmers will stop overdrafting groundwater
CALFED-relared decisions. The public draft when it becomes too expensive to pump. (Chap-
should be critiqued by an external peer review ter 3)
committee. (Chapter 4, Chapter 6) ¯ The high levels of groundwater overdraft shown

¯ The Bulletin 160-98 switch to an applied water in the SanJoaquin Valley are of concern. The BUt-
budget approach for presentation of information letin should examine means to address this
is appreciated. The applied water budget is easier overdraft through long-term basin management.
to understand than the net water budgets used in (Chapter 3, Ch~ipter 8)

¯ previous bulletins. (Chapter 3, Chapter 4) ¯ There were several questions about the source of
¯ The applied water budget is more confusing than water supply data for water recycling. It was sugv

the previous net water budgets. (Chapter 3, Chap7 gested that water recycling survey results be shown
ter 4) in an appendix. (Chapter 3, Chapter 6)

¯ The Bulletin should not use an applied water bud-¯ There were several suggestions for different ter-
get because it overstates environmental water use. minology to distinguish among water transfers,
(Chapte~ 4) "banking, exchanges, sales, and acquisitions. (Chap-

. The Bulletin should provide more detail on ter 3, Chapter 6)
demand forecasting, descriptions of water man-̄ The Bulletin should recognize the reality of glo-
agement options, and cost data. Show all bat warming/long-term global climate change.
assumptions and background data. (Chapter 4, Future hydrologic conditions will differ from
Chapter 6) todays. Exasnng hydrologic forecasts are based on

¯ Presentation of some subjects is difficult to fol- a limited period of historical record. (Chapter 3)
- low. Simplify presentation. (no specific chapter) ¯ The Bulletin should evaluate the relationship of

¯ Status of ongoing programs/actions (CALFED, local land use planning to water supply/water
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needs. Quantify the results of enactment of̄ The Bulletin should recognize environmental
SB 901 (a 1995 amendme.nt to Section 65302 of water needs for the Colorado River delta area in
the Government Code).. (Chapter 4) Mexico. (Chapter 4, Chapter 9) .

¯ Environmental water use should be treated on an̄ More attention should be given to environmental
equal basis with urban and agricultural water use. water needs at the south end of the San Francisco
The only environmental demands forecasted in Bay. (Chapter 7)
the Bulletin are those required by laws or agree-̄ Urban water use forecasts are too high because they
merits. The Bulletin forecasts urban and are based on normalized data, not on actualwater
agricultural uses based on needs, not minimum data. (Chapter 4)
legal requirements. (Chapter 4) ¯ Water pricing should be explicidy considered in

¯ North Coast wild and scenic rivers should not be future demand forecasts. The definition of demand
counted as environmental water use. The magni- should be revised to make demand a function of
tude of their flow is so great that it skews the rest price. (Chapter 4)
oftheenvironmentalwateruses. North Coast wild̄ There were several comments stating that water
and scenic rivers shouldnot be counted as envi- demand is not price inelastic. (Chapter 4)
ronmental water use because no one is seriouslȳ Much more conservation is possible than is shown
planning to develop them. (Chapter 4) in the Bulletin. Price should be used to achieve or

¯ The Bulletin should emphasize that the envirbn- enforce conservation. (Chapter 4, Chapter 6)
merit once received 100 percent of the water and̄ Increased market penetration of horizontal axis
now receives much less. Environmentalwater sup- washing machines will result in greater conserva-
plies are needed for more uses than recognized in tion amounts than forecasted in the Bulletin.
the Bulletin--for non-listed                                                           .species of fish and Urban landscaping changes will also result in
wildlife, flushing flows through the Golden Gate, greater conservation. (Chapter 4, Chapter 6)
and other aquatic resources. (Chapter 4) ¯ The assumption thatwater agencies statewide will

¯ The Bulletin puts environmental water use in implement BMPs should be clarified. Not all
proper perspective with other water uses~that the BMPs can be quantified. (Chapter 4)
environment is Californi~s largest water using sec-̄ The Bulletin overstates potential demand reduc,
tot. (Chapter 4) tions from implementing BMPs. Agencies axe only

¯ The Bulletin understates future environmental obligated to implement measures that are cost-
demands because it uses Bay-Delta Accord re- effective for their service areas. (Chapter 4)
quirements which expire in 1998 and present ESĀ Water conservation should not be implemented
requirements. Water requirements for recendy unless it is cost effective. Water savings do not
listed fish species will likely increase future envi- necessarily result in depletion reductions. (Chap-
ronmental demands. (Chapter 4). ter 4, Chapte, r 6)

¯ The Bulletin should place more emphasis on en-̄ The Bulletin should provide more information on
vironmental water conservation. Conservation is its conservation assumptions, and data to substan-
required of the urban and agricultural sectors, but tiate forecasted conservation,. (Chapter 4,
not of the environmental sector. (Chapter 4, Chap- Chapter 6)
ter 6) . ¯ The Bulletin should discuss CVPIAwater conser-

¯ CVPLA supplemental water needs shown in vation plans and the effects of CV-PIA tiered
USBR’s draft CVPIA PEIS should not be counted pricing. (Chapter 4, Chapter 6)-
as future environmental water demands becausē The Bulletin should discuss lack of data available
they falsely inflate future shortages. CVPIA for citylcounty implementation of AB 325 (model
supplemental water needs should not be counted landscaping ordinance). (Chapter 4, Chapter 6)
as future environmental water demands becausē There were several comments that the Bulletin’s
water users will not sell such large quantities of forecasts of future irrigated acreage underestimated
water to USBR. (Chapter 4) acreage for specific areas. (Chapter 4)

¯ The Bulletin correcdy includes CVPIA supple-¯ Forecasts of irrigated acreage and crop mixin past
mental water needs as future environmental water water plan~ updates (e.g., Bulletin: 160-83) do not

(were too high). The BUl-demands. (Chapter 4) seem to be coming true
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letin should acknowledge uncertainties in the fore-̄ California needs additional reservoirs. (Chapter 6,
casts. (Chapter 4) ~ Chapters 7-9)

¯ Whe Bulletin should give equ~l treatment to fore-̄ Asamatterofpolic~;theBullefinsh0uld.givepri-
casts of agricultural and urban water use.~ Urban ority tO options that use existing supplies more
water use is forecasted based on the needs of efficiendy, or reallocate existing supplies, before
California’s future population. Agricultural needs considering new water development projects.
should be based on maintaining California (Chapter 6, Chapters 7-9)
agriculture’s proportionate share of in-state, ha-̄ As amatter ofpolic~ the.Bulletin should give pri-
tional, and global food and fiber production, ority to options that create new water supplies
(Chapter 4) (reservoirs). (Chapter 6, Chapters 7-9)

¯ The Bulletin’s irrigated acreage forecast does not̄ The Bulletin should emphasize that implement-
include the effects of proposed large-scale land use ing conjunctive use projects in some areas is
conversion from irrigated agriculture to wildlife constrained by the lack .of surface water available
habitat, such as that proposed in CALFED’s eco- for recharge. (Chapter 6)
system restoration program. (Chapter 4) ¯ California’s future water needs can be met through

¯ The Bulletin provides a realistic assessment of the increased conservation and water marketing. A
potential for agricultural water conservation, modest reallocation of agricultural water supplies
(Chapter 4, Chapter 6) would satisfy the needs of Californids growing ur-

¯ The potential for agricultural water conservation ban population. (Chapter. 6, Chapter 10)
is much grhater than is shown in the Bulletin. Thē Retirement of agricultural lands should not be
Bulletin did not consider the impacts of reducing considered as a future water supply option. (Chap-
federal crop and water subsidies on forecasted ter 6)
demands. (Chapter 4, Chapter 6) ¯ Land retirement costs shown in the Bulletin are

¯ The Bulletin incorrectly characterizes shortages as too high---economic multipliers were not used for
the gap between forecasted supplies and demands, any other water management option. (Chapter 6)
There is no shortage ifwater users are unwillinḡ Land retirement costs shown in the Bulletin are
to pay the amount needed to acquire new water, too low. (Chapter 6)
It is generally not economically rational to reducē More emphasis should be given to integrating
shortages to zero. (Chapter 6, Chapter 10) water supply and flood control benefits. Flood

¯ The Bulletin should shift from requirements:based control needs should be emphasized. (Chapter 6,
planning to reliability-based planning. (Chapter 6) Chapter 8, Chapter 10)

¯ Multiple benefits of water conservation and recy-
Future Water Management Options cling should be acknowledged. Conservation and
¯ The Bulletin places too much emphasis on struc- recycling should, be treated as new supplies regard-

tural solutions to future water needs and not less of where they are implemented (e.g., in inland
enough on nonsttuctural, solutions. (Chapter 6, regions). (Chapter 4, Chapter 6)
Chapters 7-9) ¯ Mnltiputpose benefits of new reservoirs should be

¯ Pricing and marginal costs should be explicidy emphasized. New reservoirs are increasingly im-
included in the evaluation of future water man- portant as future options, because demand
agement options. Use demand and supply curves ¯ hardening due to increased water conservation el-
to illustrate role of cost. in evaluating future sup- forts has removed past flexibility in responding to
plies. (Chapter 4, Chapter 6) droughts. (Chapter 6, Chapter 10)

¯ Environmental impacts from new projects must̄ The Bulletin correctly recognizes that conserva-
be balanced against gains in.environmental water tion and recycling create new water only where
supplies. Benefits of developing additional water that water would otherwise be lost to the ocean
supplies should be weighed against benefits of pro- or to another unusable source. (Chapter 4, Chap-
tecting other natural resources. (no specific ter 6)
chapter) ¯ It is unrealistic to assume lumber conservation beyond

¯ No new reservoirs should be constructed in Call- BMPsandEWMPs.Thereisnowayofaccuratdyquan-
fornia. (Chapter 6, Chapters 7-9) drying future conservation. (Chapter 6) .
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,~, * There is no evidence suggesting that the 80 per2 validmthe Department is just trying to protect
¯ ""~" cent ET0 target for urban, landscaping could be the SWP..(Chapter 6)
O attained statewide. The urban BMPs and AB 325* The Bulletin does not take into account that com-

,~
have been in effect for some time and hav~ not petition for supplies from transfers will limit the

~[’ ~f shown that this level is being achieved. (Chapter amount of water available. Well-funded environ-

(~
4, Chapter 6) mental restoration programs such as CVPIA’s

~.~’5’ * Distribution uniformity values assumed for the supplemental water program and the CALFED
/~" future agricultural water conservation options may program will reduce supplies available for others.~.i:~, be unrealistically high with present agricultural (Chapter 3, Chapter 6)

~ technology. (Chapter 6) * Pending regulatory actions and additional ESAlist-
,~ ¯ The Bulletin should recognize that there are no ings may further reduce the amount ofwater that

t.’:,..’~ .~

~ accurate numbers for estimated acreage of urban could be available for transfer. (Chapter 6)
~, landscape---either existing landscape acreage or* Area oforigin protections need to be explicitly
~:~) potential future acreage. (Chapter 6) recognized as a limitation to transfers. (Chapter 6)
(~.÷) ¯ The Bulletin places undue reliance on conserva-* The Bulletin should recognize salinity constraints
~ tion as a panacea for reducing future shortages, in Southern California water supplies that limit
~:;,~ (Chapter 4, Chapter 6) local agencies ability to implement water recycling

~i~
* Much more future conservation can be achieved projects. (Chapter 6, Chapter 7)

~ beyond BMPs and EWMPs. Reduction of out~* As technolo .gy improves, there is increasing po-
~ door water use for landscape is not costly and can tential for desalting San JoaquinValley agricultural
~’ be phased in over time. More agricultural acreage drainage water as part of larger projects for urban/

~! can be converted from inefficient irrigation tech- agricultural water transfers or exchanges. (Chap-
~.. niques to drip irrigation. (Chapter 6) ter 8)
~_.5.5 * The Bulletin does not give water transfers/water* The Bulletin should place more emphasis on sea-

~
marketing equal treatment .with construction of water desalting in the future. Additional research
new reservoirs. The Bulletin substantially under- and development funds should be devoted to de-

~i,;"
states the future potential for water marketing, salting. (Chapter 6)

"(Chapter 6) * The State should support marine transport of
v :" ° Water transfers do not create newwater supplies-- freshwater (tankers or water bags). The De-
....... they are a reallocation of existing uses. The future partment should work with interested parties to

~ market for water transfers will be much less than develop this option. (Chapter 6)
¯ -’-~,.. is shown in the Bulletin. (Chapter 6) * Forest thinning should be given serious consider-
~’~::’ ¯ Therewereseveralcommentsregardingtreatment ation as a source of future water supply.
~.:7:’~, of potential future transfers in the water budgetsm (Chapter 6)

whether transfers should or should not be shown
?) as a supply ifn, o sellers had been identified, whether

~%:~, transfers should be identified as options if an en- -
~ vironmental document had not been Completed,

whether transfers should be subject to a real water -~I test. (Chapter 3, Chapter 6)
;; ¯ The water budgets do not show enoughwater sup-

plies from potential future transfers. (Chapter 3,
~..~. Chapter 6)
:o,.~ ¯ New water supplies from transfers should not be

~ shown in the water budgets. (Chapter 3, Chap-

(~ ter 6)
¯ The Bulletin does not adequately analyze third-

~_~, party impacts resulting from water transfers.

(::.~[,~
(Chapter 6)

.~ ¯ The "real water" concept in water transfers is not

1B-5 ~t,.~2¢OlX 1B []

C--0~3~’1 8
C-093918





The California Water Plan ~7pdate BULLETIN 160-98

Recent Events
In California Water

T
his chapter highlights key infrastructure and institutional changes

that have occurred since the publication of Bulletin 160-93, and reviews

the status of selected programs. An overview of significant legislative

actions is provided, and the legislative framework for California water management

is summarized in the appendix.

Infrastructure Update

A common theme in previous updates of the Califarnia Water Plan has been the

need to respond to California’s continually increasing population. Population growth

brings with it the need for new or expanded infrastructure. This section provides a very

brief overview of the largest infrastructure projects which are now under construction

or have been recently completed. Some of these projects are described in more detail

in later chapters.
California’s

increasing Large dams under construction or recently completed are listed in

populatlonlsa Table 2-1. Large conveyance projects under construction or recently
driving factor in

future water completed are listed in Table 2-2. Information about smaller-scale new

management water supply facilities, including water recycling and desalting plants,
planning.

can be found in Chapter 5 and Chapters 7-9.

2-1 RECENT EVENTS IN CALIFORNIAWATER []
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TABLE 2-1
Large Dams Under Construction or Recently Completed

Dam Constructing Estimated Reservoir Purpose Project
Agency Capacity (taft Cost~ (million $)

Seven Oaks USACE 146 flood control 366
Los Vaqueros CCWD 100 offstream storage~ 450 ~
Eastside M’WDSC 800 offstream storage 2,000 ~
~ Project construction include costs for land acquisition, environmental mitigation, and associated facilities (such as pipelines and road relocations).
~’ Offstream storage for water quality and emergency service; no new water supply created.

TABLE 2-2
Major Water Conveyance Facilities Since 1992

Fadllty Constructing Status Length Maximum Capacity
Agency (mil~s) (~)

Coastal Branch Aqueduct DWR completed 1997 100 100
Eastside Reservoir Pipeline MWDSC completed 1997 8 1,000

East Branch Enlargement DWR completed 1996 100 2,880

Mojave River Pipeline MWA started 1997 70 94

Old River Pipelines CCWD completed 1997 20 400
(Los Vaqueros Project)

East Branch Extension DWR started 1998 14 104
Inland Feeder Project MWDSC started 1997 44 1,000
Morongo Basin Pipeline MWA completed 1994 71 100

New Melones Water SEWD and completed 1993 21 500
Conveyance Project CSJWCD

TABLE 2-3
Large Structural Fishery Restoration Projects

Project Owner Description
e

Shasta Dam Temperature USBR An approximately $83 million modification to the ~
Control Device dam’s outlet works to allow temperature-selective

releases of water through the dam’s powerplant was
completed in 1997.

Red Bluff Diversion Dam USBR A $40 million experimental facility to evaluate fishery
Research Pumping Plant impacts of different types of pumps diverting

Sacramento River water into the Tehama-Colusa and
Coming Canals was contructed in 1995.

Butte Creek fish passage Western Canal A multi-component project to improve fish passage by
Water District and others removing small irrigation diversion dams from the

creek. By 1998, five diversion dams will have been
removed.

Maxwell Irrigation District Maxwell ID An 80 cfs diversion on the Sacramento River was
fish screen screened in 1994.

Pelger Mutual Water PMWC A 60 cfs diversion on the Sacramento River was
Company fish screen screened in 1994.
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Table 2-3 lists some of the largest examples of re-reliability and long-range planning to serve future water
cently completed structural environmental restorationneeds. Two of the bills (Statutes of 1995, Chapters 330
actions. Several more fish screening projects in theand 854) amended requirements for preparing urban
Sacramento River system are expected to begin con-water management plans by requiring that local
struction or to be completed in 1998. Details on theseagencies make a specified assessment of the reliability
facilities can be found in Chapters 5 and 8. Table 2-4of their water supplies. (Water agencies serving more
shows a sampling of completed smaller restorationthan 3,000 customers or 3 tafannually are required to
projects, prepare urban water management plans and to update

the plans at least every five years.) Local water agen-
Legislative Update cies are required to evaluate the reliability of their

This section summarizes major changes within thesupplies for varying water year types.

last five years to State and federal statutes affecting water The third bill (Statutes of 1995, Chapter 881) re-

resources management, together with the status ofongo-quires that cities and counties making specified land

ing efforts to reauthorize some key federal statutes. Theuse planning decisions, such as amending a general

existing statutory and regulatory framework for Califor-plan, consult with local water agencies to determine if

niawater management is summarized in Appendix 2A.water supply is available. The bill also requires that
findings by local water agencies on water supply avail-

State Statutes ability be incorporated into cities’ or counties’
Local Water Supply Reliability. In 1995, the Leg-    environmental documents for the proposed action. To

islature enacted three bills dealing with water supply date, there are no statewide data available on local agen-

TABLE 2-4

Sample Restoration Projects Funded in Part by the SWP’s 4-Pumps Program

Location Deserlp~on Implementing Capital Completion
Agency(ies) Costs Date

Suisun Marsh Fish Screening Project
Suisun Marsh      Design, construct, and install seven fish    Suisun Resource           $2,000,000        1997

screens on diversions for managed Conservation District,
wetlands within Suisun Marsh. DFG, DWR, USBR

Durham Mutual Fish Screens and Ladder
Butte Creek at Install two fish screens and an Durham Mutual $930,000 1998
Durham improved high volume fish ladder to Water Company,
Mutual Dam eliminate entrainment and improve USBR, DWR, DFG

fish passage.

Parrot-Phelan Fish Ladder
Butte Creek at Design and construct a pool-and-chute DFG, USBR, DWR $800,000 1995
Parrot-Phelan fish ladder to provide fish passage.
Dam

Mill Creek Water Exchange Project
Mill Creek        Furld operation of an irrigation well to     DFG, DWR               $559,000    Phase II-

replace diversions (up to 25 cfs) Summer 1994
bypassed to provide flows for
anadromous fish.

Magneson Salmon Habitat Restoration and Predator Habitat Isolation Project, Merced River
Merced River Restore river channel and isolate DFG, DWR $336,000 1996
(River Mile abandoned gravel pit.
29-30)

Stanislaus River Spawning Habitat Restoration, 3 Riflies
Stanislaus Restore salmon spawning gravel at DFG, DWR $209,000 1994
River three sites.
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cies’ implementation of these new requirements. The
statute did not require reporting on consultations or
findings to the State CEQA clearinghouse or to any
external agency.

Finanelng Water Programs and Environmen-
tal Restoration Programs (Proposition 204).
California voters approved Proposition 204--the Safe,
Clean, Reliable Water Supply Act--in 1996. The act
authorized the issuance of $995 million in general ob-
ligation bonds to finance water and environmental
restoration programs throughout the state. Approxi-
mately $600 million of these bonds would provide the
State share of costs for projects to benefit the Bay-Delta
and its watershed, including $390 million of this
amount to implement CALFED’s ecosystem restora-
tion program for the Bay-Delta. These latter funds
would be available after final federal and State envi-

The Department’s CoastalBraneh extension from Kings ronmental documents are certified and a cost-sharing
County to Santa Barbara County was eompleted in 1997. agreement is executed between the federal and State

governments. Table 2-5 summarizes programs autho-
rized for Proposition 204 funding.

TABLE 2-5

Proposition 204 Funding Breakdown

Program Dollars
(in millions)

Delta Restoration 193
CVPIA State share 93
Category III State share 60
Delta levee rehabilitation 25
South Delta barriers 10
Delta recreation 2
CALFED administration 3

Clean Water and Water Recycling 235

State Revolving Fund Clean Water Act loans 80
Clean Water Act grants to small communities 30
Loans for water recycling projects 60
Loans for drainage treatment and management projects 30
Delta tributary watershed rehabilitation grants and loans 15
Seawater intrusion loans 10
Lake Tahoe water quality improvements 10

Water Supply Reliability 117

Feasibility investigations for specified programs 10
Water conservation and groundwater recharge loans 30
Small water project loans and grants, rural counties 25
Sacramento Valley water management and habitat improvement 25
Pdver parkway program 27

CALFED Bay-Delta Ecosystem Restoration Program 390

Flood Control Subventions 60

Total 995
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Proposition 218. Voter approval of Proposition water conservation, and nitrate management out-
218 in November 1996 changed the procedure usedreach funded by water standby charges. Examples
by local government agencies for increasing fees,of MCWRA’s proposed assessment charges were $1.67
charges, and benefit assessments. Benefit assessments,per irrigated acre for agricultural land use and $2.26
fees, and charges that are imposed as an "incident ofper parcel for single-family dwellings.
property ownership" are now subject to a majority Water Recycling. In 1995, provisions oftheWa~
public vote. Proposition 218 defines "assessments" aster Code, Fish and Game Code, Health and Safety
any levy or charge on real property for a special ben-Code, and other statutes were amended to replace
efit conferred to the real propert~ including specialterms such as wastewater "reclamation" and "reclaimed
assessments, benefit assessments, and maintenance as-water" with "water recycling" and "recycled water."
sessments. Proposition 218 further defines "fee" orThe legislation was intended to enhance public ac-

¯ "charge" as any levy (other than an ad valorem tax,ceptance of recycled water supplies.
special tax, or assessment), which is imposed by an MTBE. Detection of methyl tertiary butyl ether
agency upon a parcel or upon a person as an incidentin water supplies soon after it was approved for use as
of property ownership, including a user fee or chargean air pollution-reducing additive in gasoline has
for a property-related service, raised concerns about its mobility in the environment[

Although there are many tests to determine if aLegislation enacted in 1997 included several provi-
fee or charge is subject to the provisions of Proposi-sions dealing with MTBE regulation, monitoring, and
tion 218, the most significant one is whether the agencystudies. One provision required the Department of
has relied upon any parcel map for the imposition ofHealth Services to establish a primary (health-based)
the fee or charge. There is currently uncertainty in thedrinking water standard for MTBE by July 1999, and
interpretation of Proposition 218 requirements, espe-a secondary (taste and odor) drinking water standard
cially as they relate to certain water-related fees andby July 1998. (MTBE can be detected by taste at very
charges. From one point of view, Proposition 218 couldlow concentrations, hence the early requirement for a
be interpreted as a comprehensive approach to regu-secondary drinking water standard.)
late all forms of agency revenue sources. This broad
interpretation would include all fees and charges forFederal Statutes

services provided to real property. Types of water-re- Safe Drinking Water Act. The Safe Drinking
fated charges and fees that may be affected byWater Act, administered by the U.S. Environmental
Proposition 218’s requirements include meter charges,Protection Agency in coordination with the states, is
acreage-based irrigation charges, and standby charges,the chief federal regulatory legislation dealing with

Additional legislation or judicial interpretationdrinking water quality. The 104th Congress reautho-
may be needed to clarify the application of Proposi-rized and made significant changes to the SDWA,
tion 218 to fees and charges used by water agencies,which had last been reauthorized in 1986. Major
Several water industry groups are working on propos-changes included:
als for clarifying legislation. To date, there has been̄ Establishing a drinking water state revolving loan
one water-related legislative clarification of Proposi- fund, to be administered by states in a manner
tion 218. A 1997 statute clarified that assessments similar to the existing Clean Water Act State
imposed by water districts and earmarked for bond Revolving Fund. Loans would be made available
repayment are not subject to the proposition’s voter to public water systems to help them comply with
approval requirements, national primary drinking water regulations and

Municipalities and special districts are beginning to upgrade water treatment systems.
to seek voter approval of assessments as required bȳ The standard-setting process for drinking water
Proposition 218. Many assessments to fund existing contaminants established in the 1986 amend-
programs have been receiving voter approval. There ments was changed from a requirement that EPA
has been at least one example, however, of a water adopt standards for a set number of contaminants
agency whose proposed assessment was not approved, on a fixed schedule to a process based on risk
Monterey County Water Resources Agency did not assessment and cost/benefit analysis. The 1996
receive voter approval for an assessment to support ex- amendments require EPA to publish (and
isting programs--groundwater quality monitoring, periodically update) a list of contaminants
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not currently subject to NPDWRs and to rather than on preserving a single species or subspe-
periodically determine whether to regulate at leastcies, providing for stakeholder participation and
five contaminants from that list, based on risk andpeer-reviewed science in the species listing process, ad-
benefit considerations, dressing management of candidate species,

¯ A requirement that states conduct vulnerabilitystreamlining the Section 7 consultation process, quan-
assessments in priority source water areastifying recovery plan objectives, and providing
expanded existing source water quality protectionassurances and regulatory relief for nonfederal land-
provisions. States are authorized to establishowners.
voluntary, incentive-based source protection Reclamation, Recyelin~ and Water Conserva-
parmerships with local agencies. This activity maytlonAct of 1996. This act amended Title 16 of PL
be funded from the new SRF. 102-575 by authorizing federal cost-sharing in addi-

¯ As a result of the 1996 amendments, EPA adoptedtional wastewater recycling projects. (PL 102-575 had
a more ambitious schedule for promulgating theauthorized federal cost-sharing in specified recycling
Disinfectant/Disinfection By-Products Rule and projects.) The additional California projects are shown
the Enhanced Surface Water Treatment Rule. Thebelow, along with the nonfederal sponsors identified
first phase of the D/DBP Rule is proposed to takein the statute.
effect in late 1998, as is an interim ESWTR. More¯ North San Diego County area water recycling
stringent versions of both rules are proposed to project (San Hijo Joint Powers Authority, Leucadia
follow in 2002. This subject is discussed in more County Water District, City of Carlsbad,
detail in Chapter 3. Olivenhain Municipal Water District)
Clean Water Act Reauthorization. The Clean ¯ Calleguas Municipal Water District recycling

Water Act, administered by EPA in coordination with project (CMWD)
the states, is the chief federal regulatory statute con-̄ Watsonville area water recycling project (City of
trolling point and nonpoint source discharges to surface Watsonville)
water. The CWA additionally provides federal author-̄ Pasadena reclaimed water project (City of Pasa-
ity for wetlands protection and regulation of dredging dena)
and filling. CWA reauthorization proposals were heard̄ Phase 1 of the Orange County regional water rec-
in the 103rd and 104th Congresses, but no legislation lamation project (Orange County Water District
was enacted. The act’s broad scope complicates reau- and County Sanitation Districts of Orange
thorization. County)

Some of the topics covered in reauthorization pro-° Hi-Desert Water District wastewater collection
posals have included funding levels for the SRF and reuse facility (HDWD)
program; changes to the water quality standard set-̄ Mission Basin brackish groundwater desalting
ting process (such as special recognition of demonstration project (City ofOceanside)
environmental benefits of discharging treated waste-̄ Effluent treatment for the Sanitation Districts of
water to streams in arid areas); recognition of impacts Los Angeles County with the City of Long Beach
of introduced aquatic species on species of concern in (Water Replenishment District of Southern Call-
the water quality standard setting process; Good Sa- fornia, OCWD)
maritan liability provisions for remediation measures° San Joaquin area water recycling and reuse project
at abandoned mines; new programs for nonpoint (San Joaquin Count~ City of Tracy)
source management and regulation of combined sani- Federal cost-sharing in these projects is authorized
tary/stormwater sewers; new stormwater managementat a maximum of 25 percent for project construction
requirements for municipalities; recognition of stateand federal contributions for each project are capped
primacy in water quantity allocation; and expandedat $20 million. Funds are not to be appropriated for
statutory treatment of wetlands protection, project construction until after a feasibility study and

Endangered 8pedes Act Reauthorization. As cost-sharing agreement are completed. Federal cost-
with the CWA, ESA reauthorization proposals weresharing may not be used for operations and
heard in past congresses, but no legislation has beenmaintenance.
enacted. Some proposed changes included amending The act also authorizes the Department of Inte-
the act to focus on preserving ecological communitiesrior to cost-share up to 50 percent (planning and
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design) in a Long Beach desalination research and de-
velopment project. Local sponsors are the City of Long
Beach, Central Basin Municipal Water District, and
MWDSC.

Water Desalination Act of 1996. This act au-
thorizes DOI to cost-share in non-federal desalting
projects at levels of 25 percent or 50 percent (for
projects which are not otherwise feasible unless a fed-
eral contribution is provided). Cost-shared actions can
be research, studies, demonstration projects, or devel-
opment projects. The authorization provides $5 million
per year for fiscal years 1997 through 2002 for research
and studies, and $25 million per year for demonstra-
tion and development projects. The act requires DOI
to investigate at least three different types ofdesalting
technology and to report research findings to Con-
gress.

The zebra mussel has caused millions of dollars in increasedNational Invaslve Species Act of 1996 (PL 104- operations and maintenance costs to Great Lakes water users.
332). NISA reauthorized and amended thePr~ventingthemussels’spreadisapr~orityininvasivespedes
Nonindigenous Aquatic Nuisance and Prevention andmanagement.
Control Act of 1990. The purpose of the legislation
was to provide tools for management and control ofDecember 1997, 26 of the 29 contractors had signed
aquatic nuisance species, such as zebra mussels. NISAthe amendment.
reauthofized a mandatory ballast management program Changes to SWP Water Allocation Rules. The
for the Great Lakes, an area already heavily infestedamendment states that during drought years project
with zebra mussels, and created an enforceable nationalsupplies are to be allocated proportionately on the ba-
ballast management program for all U.S. coastal re-sis of contractors’ entitlements. The amendment
gions. The act requires detailed reporting on ballastallocates water to urban and agricultural purposes on
exchange by cargo vessels. Ship ballast water has beenequal basis, deleting a previous initial supply reduc-
identified as a likely mode of introduction for manytion to agricultural contractors.
of the nonindigenous invertebrates identified in the Permanent Sales of Entltlement. The amend-
Bay-Delta, now home to at least 150 introduced plantment provides for transfer of up to 175 taf of annual
and animal species, entitlement from agricultural use. The first transfer

made was relinquishment of 45 tar of annual entitle-
State and Federal ment (40,670 acre-feet from Kern County Water
Programmatic Actions Agency, 4,330 acre-feet from Dudley Ridge Water

District) back to the SWP, as part of the transfer of the
SWP Monterey Agreement Kern Water Bank property to these agencies. This re-
Contract Amendments linquishment reduces the total SWP contractual

The Monterey Agreement among the Departmentcommitment. The amendment provides for an addi-
and SWP water contractors was signed in Decembertional 130 taf/yr of existing agricultural entitlement
1994. This agreement set forth principles for makingto be sold on a permanent basis to urban contractors,
changes in SWP water supply contracts, which wouldon a willing buyer-willing seller basis. As of April 1997,
then be implemented by an amendment (Monterey25 taf/yr of KCWA entitlement had been purchased
amendment) to each contractor’s SWP contract. Theby Mojave Water Agency for recharge in Mojave’s
amendment has been offered to all SWP contractors,groundwater basin. Other potential permanent trans-
Those contractors that sign the amendment will re-fers are being discussed.
ceive the benefits of it, while those that do not will Storing Water Outside a Contractor’s Service
have their water supply contracts administered suchArea and Transfers of Non-Project Water. While
that they will be unaffected by the amendment. As ofsome of the amendment’s benefits help the larger SWP
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contractors, the ability to store water outside aeach reservoir to optimize the operation of local and
contractor’s service area is a significant benefit to theSWP facilities. This is expected, for example, to im-
smaller contractors. Many SWP urban contractors doprove drought year supplies for MWDSC, Castaic Lake
not have significant water storage opportunities in theirWater Agency, and Ventura Cottnty Flood Control and
service areas. This provision of the Monterey amend-Water Conservation District.
ment allows a contractor to store water in another

CVPIA Implementationagency’s reservoir or groundwater basin. Examples in-
clude water storage programs with Semitropic Water CVPIA made significant changes to the CVP’s leg-
Storage District (a member agency of KCWA). islative authorization, amending the project’s purposes

Several water exchanges are moving forward fol-to place fish and wildlife mitigation and restoration
lowing approval of the Monterey amendment. Dudleyon a par with water supply, and to place fish and wild-
Ridge Water District has entered into an exchangelife enhancement on a par with power generation. Key
agreement with San Gabriel Valley Municipal Waterareas of CVHA implementation are summarized be-
District. Solano County Water Agency has developedlow. A more detailed summary of the act is provided
an exchange program with MWA whereby SCWA pro- in Appendix 2A. USBR and USFWS released a draft
rides a portion of its entitlement in wetter years inprogrammatic EIS on CVPIA implementation for
return for a lesser amount of water in dry years. Whilepublic review in November 1997. The draft PEIS de-
these exchanges cannot be directly attributed to thescribes, among other things, estimated water supply
amendment, the amendment facilitates their imple-impacts of federal implementation of the act, and il-
mentation, lustrates the consequences of different alternatives for

Finally, the amendment provides a mechanism forfish and wildlife supplemental water acquisition. A fi-
using SWP facilities to transport non-project water fornal EIS is scheduled to be released in 1999.
SWP water contractors. (The Department uses other Renewal of CVP Water Service Contracts.
contractual arrangements for wheeling water for theCVPIA prohibited execution of new CVP water ser-
CVP and for other non-SWP water users.) vice contracts (with minor exceptions), except for fish

Annual Turnback Pool Prior to the amendment, and wildlife purposes, until all of the many environ-
water allocated to contractors that was not used dur-mental restoration actions specified in the statute had
ing a year would revert to the SWP at the end of thebeen completed. The act also provided that existing
year. No compensation was provided to the contrac-long-term water service contracts be renewed for 25-
tot for this water, and no other contractors could makeyear terms, as opposed to their previous 40-year terms.
use of these supplies during the year. The turnbackOnly interim renewals (not more than three years) are
pool is an internal SWP mechanism which providesallowed until the PEIS required by the act is completed.
for pooling potentially unused supplies early in theBeginning in October 1997, most existing long term
year for purchase by other SWP contractors at a setcontracts are subject to a monetary hammer clause
price. The pool was not intended as a water market,encouraging early renewal. Renewed contracts will in-
but rather as an incentive to return unneeded watercorporate new provisions required by CVPIA, such as
early in the year for reallocation among SWP contrac-tiered water pricing. Since USBR has not completed
tors on a willing-buyer basis. The turnback poolthe PEIS, all contract renewals to date have been in-
operated successfully on a trial basis during 1996, whenterim renewals. USBR has had more than 60 interim
more than 200 tafwere reallocated. If neither the SWPcontract renewals from the date of enactment through
nor individual SWP contractors wish to use water1996, representing over 1 maf/yr of supply.
placed into the pool, that water may then be sold to Transfers of Project Water. CVPIA authorized
entities that are not SWP contractors, transfer of project water outside the CVP service area,

Other Operational Changes. The amendment subject to many conditions, including a right of first
established a procedure to transfer ownership of therefusal by entities within the service area. Several con-
Department’s KWB property to KCWA and Dudley ditions, including right of first refusal by entities within
Ridge Water District. The amendment allows contrac-the service area, terminate in 1999. Transfers must be
tots repaying costs of constructing the Castaic andconsistent with State law, be approved by USBR, and
Perris terminal reservoirs to increase their control andbe approved by the contracting water district if the
management of a portion of the storage capacity oftransfer involves more than 20 percent of its long-term

¯ RECENT EVENTS IN CALIFORNIA WATER 2-8

C--093927
C-093927



The California Water Plan Update BULLETIN 160-98

CVPIA’s Dedicated Water
Section 3406(b)(2) describes the dedicated water as follows:including but not limited to additional obligations under the
Upon enactment of this title dedicate and manage annuallyfederal Endangered Species Act. For the purpose of this section,

800,O00 acre-feet of Central Valley Project yield for the primary the term "Central Valley Project yield" means the delivery
purposeofimplementingthefish, wildlife, andhabitatrestoration capability of the Central Valley Project during the 1928-1934

and authorized this title; assist the State drought period after fishery, water quali~ and other flow andpurposes measures to
of California in its ~orts to protect the waters of the San Franciscooperational requirements imposed by terms and conditions existing
Bay-San Joaquin Delta Estuary; and to help meet such obligationsin licenses, permits, and other agreements pertaining to the Central
as may be legally imposed upon the Central Valley Project underValley Project under applicable State or Federal law existing at
State or Federal law following the date of enactment of this title,the time of enactment of this title have been met.

contract supply. USBR has published interim guide-the water may be used for Bay-Delta purposes beyond
lines for administration of this provision, pendingBay-Delta Accord requirements. Initially, USBR and
formal promulgation of rules and regulations. As ofUSFWS attempted to develop guidelines or criteria
this writing, no out of service area transfers have beenfor its management. Subsequent to CALFED’s cre-
approved or implemented, ation, the CALFED Operations Group became a

Fish and Wildlife Restoration Aalons. One of forum for attempting to resolve dedicated water. In
the most controversial elements of CVPIA implemen-November 1997, DOI released its final administrative
tation has been management of the 800 taf/yr of CVPproposal on management of the dedicated water is-
yield (see sidebar) dedicated by the act to fishery res-sues. The proposal’s release was subsequently challenged
toration purposes. This water is available for use onin legal action filed by some CVP water contractors.
CVP controlled streams (river reaches downstream A main purpose of the dedicated water is meeting
from the project’s major storage facilities on the Sacra-the act’s goal of doubling natural production of Cen-
mento, American, and Stanislaus Rivers) and in thetral Valley anadromous fish populations from their
Bay-Delta. average 1967-91 levels by year 2002. Release of water

The ambiguity of the statutory language and theto the San Joaquin River from Friant Dam is excluded
use of dedicated water in the Bay-Delta Accord havefrom this program. CVPIA authorizes USBR and
generated many questions, including whether the wa-USFWS to acquire additional, supplemental water
ter may be exported from the Delta after it has beenfrom willing sellers to help achieve the doubling goal.
used for instream flow needs in upstream rivers, and ifDetails of supplemental water acquisition are presented

Looking at the upstream
face of Shasta Dam, with

the temperature control
device at the center of the

photo. At this high reservoir
level only a small portion
of the TCD is visible. The
structure is bolted to the

face of the dam, eoverlng
the powerplant intakes.
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CVPIA Waterfowl Habitat Provisions
Most CVPIA environmental restoration measures addresswaterfowl habitat provision is a requirement that, by 2002,

fishery needs. Several provisions specifically address restoringUSBR and USFWS must provide specified levels of water
and enhancing waterfowl habitat. The act authorizes a 10-supply for certain federa!, State, and private refuges. Part of
year voluntary incentive program for farmers to flood theirthis water supply is to come from reallocating existing CVP
fields to create waterfowl habkat, and directs USBR andsupplies, and part from acquisition from willing sellers.
USFWS to prepare reports on the water supply reliability ofRequirements for specific refuges are summarized in
private wildlife refuges and on water needs for 120,000 acresChapter 4. The act also authorizes DOI to construct or acquire
of additional wetlands identified in a plan by the Centralconveyance facilities or wells needed to supply water to the
Valley Habitat Joint Venture (see Chapter 4). CVPIA’s major refuges.

in Chapter 6. CVPIA further allocates additional CVPeral taxpayers and by CVP water and power contrac-
water supply for instream use in the Trinity River, re-tots. Some of the smaller restoration actions include
during the quantity of water which the project couldindividual fish-screening projects that USBR and
otherwise divert, by requiring that an instream flow ofUSFWS are cost-sharing with local agencies under the
340 taf/yr be maintained through water year 1996anadromous fish screening program. Examples of these
while USFWS finishes a long-term instream flow study,projects are described in Chapter 8.
As discussed in Chapter 7, USFWS now recommends CVPIA required USBR to impose a surcharge on
instream flows much greater than 340 taf/yr. CVP water and power contracts for deposit into a Res-

CVPIA enumerates specific physical restorationrotation Fund created by the act. Monies deposited
measures that the federal government must completeinto the fund are appropriated by Congress to help
for fishery and waterfowl habitat restoration. The larD fund CVHA environmental restoration actions. The
est completed measures are a temperature controlact authorizes appropriation of up to $50 million (1992
device at Shasta Dam and a research pumping plant atdollars) per year for the restoration actions. Annual
Red Bluff Diversion Dam. CVPIA allocated part of deposits into the fund vary with water and power sales.
the costs of some restoration measures to the State ofCVPIA environmental restoration actions can be
California; the remaining costs are being paid by fed-funded from the general federal treasury, as well as from

the Restoration Fund.
Land Retirement Program. CVPIA authorized

DOI to carry out an agricultural land retirement pro-
gram for lands receiving CVP- water. The statute
specified that targeted lands be lands that "are no longer
suitable for sustained agricultural production because
of permanent damage resulting from severe drainage
or agricultural wastewater management problems,
groundwater withdrawals, or other causes." The retire-
ment of these lands would result in improved water
conservation in a contracting district, or would help
implement recommendations of the San Joaquin Val-
ley Drainage Program’s 1990 report. USBR published
interim guidelines for administration of a pilot pro-
gram, pending formal promulgation of rules and
regulations. The federal guidelines were developed in

Part of the CVP water supply reallocated by CVPIA to coordination with a state land retirement program es-
environmentalpurposes is used to provide afirm water tablished in 1992 under Water Code Section 14902 et
supply for specified federaL State, and p~vate wildl#
refuges. The Secretary of lnteHor is additionally directed to seq. The State statute limited the retirement program
acquire supplemental water supply to meet the full habltat to drainage-impaired lands. The State land retirement
needs of these refuges, program has never been funded, and thus no State ac-
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quisitions have been made. By November 1997, themental purposes. Although the act directed that the
federal land retirement program had made one put-plan be prepared, USBR was not required to imple-
chase--about 600 acres of drainage-impaired land inment it.
Westlands Water District that will be managed for wild-
life habitat. Recently, USBR solicited proposals fromTitle Transfer of Reclamation Projects
landowners wishing to participate in the retirement
program and received offers to sell lands amounting In the 1990s, there was increasing interest in title
to 31,000 acres, transfer of federal water projects (or components of

CVP Reform Act Bill and CVPIA Administra- projects) to nonfederal ownership. Generally, transfer
tion. In 1995, the CVP Water Association sponsoredproposals can be divided into three broad categories--
introduction of HR 1906, the Central Valley ProjectUSBR’s westwide program for small uncomplicated
Reform Act of 1995, a bill which would have madeprojects, general congressional action dealingwith prin-
extensive amendments to CVPIA. That bill was op-ciples for transfer of certain types of projects, and water
posed by the federal administration and did not passuser-initiated transfers of specific projects. There was
out of the House. DOI took up CVPIA implementa- additionally a brief period of State-federal negotiations
tion issues raised by the water users in a 1996on title transfer ofthe CVP. Transfer ofa federal project
administrative process that produced a series of con-or its components to nonfederal ownership would
cept papers outlining issues with federalnormally requirecongressionalauthorization.
implementation of CVPIA. In 1995, USBR announced that it was initiating a

USBR initially prepared interim guidelines onwestwide program to transfer title of uncomplicated
many provisions of the act, with the intent that thereclamation projects. Uncomplicated projects were
guidelines would remain in place until rules and regu-defined as small, single-purpose projects--typically
lations were promulgated for sections of CVPIAdistribution and conveyance systems (without hydro-
involving discretionary actions by the federal govern-power or conservation storage components) which
ment. In some cases, the concept papers produced incould easily be transferred to project beneficiaries. The
the administrative process attempt to clarify or aug-projects would have no competing interests, would not
ment the interim guidelines. USBR has not formallybe hydrologically integrated with other projects, and
promulgated rules and regulations for any CVPIA pro-would have simple financial arrangements. Transfer of
vision, a distribution system would not necessarily

Other Programs and Reports. USBR has devel- "defederalize" a project’s service area. For example, a
oped criteria for evaluating water conservation planslocal agency could acquire title to a distribution sys-
of CVP contractors, as required by the act (see Chap-tem but still hold a water service contract with USBR
ter 4), and has been reviewing contractors’ plans forfor the water supply made available for diversion. In
compliance with the criteria. As of March 1998, overthis instance, the service area would probably continue
70 water agencies had submitted plans pursuant to theto be subject to existing federal requirements such as
criteria. The Department, DFG, USBR, and USFWSReclamation Reform Act acreage limitations and wa-
negotiated a master State-federal cost-sharing agree-ter conservation regulations. USBR indicated that it
ment for environmentalrestoration actions whose costswill not entertain transfers of large projects in their
the act allocated in part to California. Funding for theentirety under this program. Transfer of isolated ele-
State’s share of those costs was provided by voter ap-ments of such projects can be considered under the
proval of Proposition 204. program. One transfer being negotiated under the

From a water supply standpoint, certain CVPIA- administrative program is that of the Contra Costa
mandated reports are of special interest. USFWS hasCanal, a CVP facility, to Contra Costa Water District.
prepared several draft documents relating to estimatedIfUSBR and CCWD can successfully negotiate terms
Central Valley environmental water needs and waterand conditions, they would then seek congressional
management actions for the AFRP. The most recentauthorization for the transfer. Other California recla-
draft of the AFRP was published in May 1997. In 1995,marion facilities considered for transfer under the
USBR released an appraisal-level least-cost CVP yieldadministrative program include the CVP’s Clear Creek
increase plan, required by the act to identify options-Community Services District distribution system. Title
for replacing the water supply dedicated to environ-to the San Diego Aqueduct, a conveyance facility origi-
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Negotiations have been in
progress on transferring
title of the Contra Costa
Canal from USBR toCCWD. The transfer would

include the 48-mile-long
canal two regulating
reservoirs, and assodated
pumping plant*. The canal’s
maximum capacity is 350
~#, decreasing to 22 ~# at
its terminus.

nally constructed under Department of Defense au-and other fishery protection measures. Licenses for
thorization and subsequently turned over to USBR tomany California hydropower plants will be coming up
manage, was transferred to nonfederal entities in 1997.for renewal in the near future. FERC has begun to

Legislation was introduced in the 104th Congressschedule regulatory activities for plants with licenses
that would have directed DOI to transfer title of rec- expiring in 2000 to 2010 (Table 2-6). The relicensing
lamation projects whose construction costs had beenprocess affords resource agencies and individuals the
repaid by the project beneficiaries. This legislation wasopportunity to seek changes in instream flow require-
not enacted. There were several proposals for transfersments, such as those suggested in CVPIRs draft AFRP.
of individual projects during the 104th Congress, noneHydropower generation is a nonconsumptive water
of which were approved, use, but changes in the amount and timing of water

In 1992, California and the United States signeddiverted for power generation can affect other uses
a memorandum of agreement on a process to transferdownstream. The impact of deregulation of the elec-
title of the CVP to California. The federal governmenttric power industry on relicensing decisions is
subsequently declined to pursue transfer negotiationsuncertain. Current owners of some generating facili-
due to a change in the federal administration and 1992ties (especially smaller plants) may sell their generation
enactment of CVPIA. In 1995, local agencies that assets in response to deregulation.
operate and maintain much of the CVP system formed Water supply impacts of relicensing are difiqcult
a joint powers authority to explore transferring title ofto quantify, in part because impacts are site-specific.
the CVP to the local agencies. The CVP AuthoritySome plants subject to relicensing, for example, cur-
proposed to introduce title transfer legislation in therently have no bypass flow requirements. It is likely
104th Congress, but legislation was not introduced,that relicensing would establish bypass flows at these
Solano Project water users also pursued transfer legis-sites. Other plants subject to relicensing already have
lation in the 104th Congress. That effort was put onsubstantial bypass flows, and it is not clear what changes
hold while an adjudication of Putah Creek water rightsrelicensing would bring.
proceeded.

Recent ESA List~’ngs

FERCRellcensing Since publication of Bulletin 160-93, there has
The Federal Energy Regulatory Commission ad-been action on federal listing of several fish species

ministers a program of licensing nonfederalhaving statewide water management significance. In
hydroelectric power plants. FERC licenses establishAugust 1997, the National Marine Fisheries Service
conditions on the owners’ operation of their plants;listed two coastal steelhead populations as threatened
typical conditions include instream flow requirements(from the Russian River south to Soquel Creek, and
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TABLE 2-6

California Hydropower Projects - License Years 2000 - 2010

(projects over 1,000 kW)

License Project Stream Licensee Capad~y
Expiration Date (1, 000 k FO

June 2000 Lower Tule Middle Fork Southern California 2.0
Tule River Edison

September 2000 Hat Creek Hat Creek & Pacific Gas & Electric 20.0
No. 1 & 2 Pit River

February 2002 El Dorado South Fork PG&E 20.0
American River

April 2003 San Gorgonio San Gorgonio Creek SCE 2.3
No. 1&2

August 2003 Vermillion Valley Mono Creek SCE N/A

September 2003 Poe North Fork PG&E 142.8
Feather River

October 2003 Pit Pit River PG&E 317.0

April 2004 Santa Felicia Piru Creek United Water 1.4
Reservoir Santa Clara River Conservation District

October 2004 Upper North Fork North Fork PG&E 342.0
Feather River Feather River

December 2004 Donnells & Middle Fork Oakdale & South San 64.0
Beardsley Stanislaus River Joaquin Irrigation

Districts
December 2004 Tulloch Stanislaus River OID and SSJID 17.1

December 2004 Stanislaus - South Fork PG&E 175.8
Spring Gap Stanislaus River

February 2005 Borel Kern River SCE 9.2

March 2005 Portal Rancheria Creek SCE 10.0
Big Creek

April 2005 Kern Canyon Kern River PG&E 11.5
o

February 2006 Klamarh Klamath River Pacificorp 231.0

January 2007 Feather River Feather River DWR 844.0

March 2007 Kilarc & Cow Old Cow Creek & PG&E 8.9
Creek Cow Creek

July 2007 Upper American South Fork SMUD 722.3
River American River

July 2007 Chili Bar South Fork PG&E 7.0
American River

November 2007 Mammoth Pool San Joaquin River SCE 181.0

February 2009 Big Creek South Fork San SCE 480.1
No. 2A & 8 Joaquin River

February 2009 Big Creek 3 San Joaquin River SCE 177.5

February 2009 Big Creek Big Creek & San SCE 225.9
No. 1 & 2 Joaquin River

March 2009 South Fork Kelly Ridge Canal Oroville-Wyandotte 104.1
Irrigation District

April 2009 Santa Aria No. 3 Santa Aria River SCE 1.5
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from the Pajaro River south to the Santa Maria River),long-term water policy; and the Federal Ecosystem
and one population as endangered (from the SantaDirectorate, created to coordinate actions of federal
Maria River south to Malibu Creek). NMFS deferred agencies involved in Delta programs, signed a Frame-
listing decisions for six months for other Californiawork Agreement for the Bay-Delta estuary in June
populations--from the Hk River in Oregon to the1994. Working together, these agencies are known as
Trinity River in California, from Redwood Creek toCALFED. The Framework Agreement improved co-
the Gualala River, and in the Central Valley--due toordination and communication between State and
scientific disagreement about the sufficiency and ac-federal agencies with resource management responsi-
curacy of the data available for listing determinations,bilities in the estuary. It covered the water quality
In March 1998, NMFS listed the Central Valleystandards setting process; coordinated water project op-
population as threatened, and deferred !isting of theerations with requirements of water quality standards,
two north coast populations in favor of working withendangered species laws, and CVPIA; and provided
California and Oregon on state conservation plans, for cooperation in planning long-term solutions to

Also in 1997, NMFS listed the Southern Oregon/problems affecting the estuary’s major public values.
Northern California coast evolutionarily significant In December 1994 State and federal agencies,
unit of coho salmon as threatened. In 1996, NMFSworking with stakeholders, reached agreement on the
listed coho salmon in the central coast ESU (from"Principles for Agreement on Bay-Delta Standards
Punta Gorda in Humboldt County south to the SanBetween the State of California and the Federal Gov-
Lorenzo River) as threatened, ernment" (commonly referred to as the Bay-Delta

In 1998, NMFS proposed several runs of chinookAccord) that would remain in effect for three years.
salmon for listing--the spring-run in the Central Val-Provisions of the Bay-DeltaAccord covered water qual-
ley ESU as endangered, the fall and late-fall runs inity standard setting and water project operational
the Central Valley ESU as threatened, and the springconstraints, ESA implementation and use of real-time
and fall runs in the Oregon/California coastal ESU asmonitoring data, and improvement of conditions not
threatened. NMFS expects to make its decision on list-directly related to Delta outflow. Parties to the accord
ing in 1999. The spring-run chinook salmon has beencommitted to fund "non-flow Category III" measures
listed as a candidate species under the California ESA.at $60 million per year for the agreement’s three-year

USFWS proposed in 1994 to list a resident Delta term. The accord was subsequently extended for a
fish species, the Sacramento River splittail, but a con-fourth year. An Operations Group composed of rep-
gressional moratorium on listing of new speciesresentatives from the State and federal water projects
prevented USFWS from working on the proposal un-and the other CALFED agencies was established to
til 1996. USFWS again proposed to list splittail in coordinate project operations. Stakeholders from wa-
1996, but received significant public comments on newter agencies and environmental and fishery groups
scientific information for splittail. As of July 1998, theparticipate in Operations Group meetings.
extended public comment period is just ending. Water Quality Standard Setting. SWRCB
USFWS is expected to make a decision after that time.adopted a water quality control plan for the Bay-Delta

USFWS has also listed or proposed for listing spe-in May 1995, incorporating agreements reached in the
des whose limited range would result in localized wateraccord. In June 1995, SWRCB adopted Order WR
management impacts. For example, the red legged frog,95-6, an interim order amending terms and conditions
found primarily in the Central Coast area, was listedof SWRCB’s D-1485 and the SWP’s and CVP’s water
as threatened in 1996. Another example is the Santaright permits to resolve inconsistencies with D-1485
Ana sucker, found in the Santa Ana River, proposedrequirements and the projects’ voluntary implementa-
for listing in 1998. tion of accord standards. The interim order will expire

when a water right decision allocating final responsi-
San Francisco Bay and Sacramento- bilities for meeting the 1995 objectives is adopted, or
San loaquin River Delta on December 31, 1998, whichever comes first.

SWRCB released a revised draft EIR for implement-
Bay-Delta Accord and CALFED ing the water quality control plan in 1998, and intends

Representatives from the California Water Policyto issue a water right decision implementing the order
Council, created to coordinate activities related to Stateby the end of 1998. The DEIR has eight flow alternatives:
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(1) SWP and CVP Responsible for D-1485 Flow CALFED Long- Term Solution-Finding Process
Objectives. for Bay-Delta. The June 1994 Framework Agreement

(2) SWP and CVP Responsible for 1995 Bay-Deltacalled for a Stare-federal process to develop long-term
Water Quality Control Plan Flow Objectives. solutions to Bay-Delta problems related to fish and

(3) Water Right PriorityAlternative (The CVP’s Friant wildlife, water supply reliability, natural disasters, and
Unit is assumed to be an in-basin project.) water quality. The CALFED program is managed by

(4) Water Right PriorityAltemadve (The CVP’s Friant an interagency team under the policy direction of
Unit is assumed to be an export project.) CALFED member agencies, with public input pro-

(5) Watershed Alternarive-Monthly average flow re-vided by the Bay-Delta Advisory Council. BDAC is a
quirements are established for major watersheds31-member advisory panel representing California’s
based on Delta outflow and Vernalis flow objec-agricultural, environmental, urban, business, fishing,
tires and the watersheds’ average unimpaired flow.and other interests who have a stake in the long term
The parties responsible for providing the requiredsolution to Bay-Delta problems.
flows are water users with storage in foothill reser- The CALFED program’s first phase identified
voirs that control downstream flow to the Delta,problems in and goals for the Bay-Delta, and devel-
and water users with upstream reservoirs that haveoped a range of alternatives for long-term solutions.
a cumulative capacity of at least 100 tafwho useThis phase concluded with a September 1996 report
water primarily for consumptive uses. identifying three broad solutions, each of which in-

(6) Recirculation Alternative-USBR is required tocluded a range of water storage options, a system for
make releases from the Delta-Mendota Canal toconveying water, and some programs that were com-
meet the Vernalis flow objectives, mon to all alternatives. The second phase consisted of

(7) San Joaquin Basin Negotiated Agreement-Sanpreparing a programmatic EIR/EIS covering three
Joaquin Basin water right holders’ responsibility tomain alternatives for conveyance of water across the
meet the plan objectives is based on an agreementDelta--an existing system alternative, a through-Delta
rifled "Letter of Intent among Export Interests andalternative, and a dual Delta conveyance alternative.
San Joaquin River Interests to Resolve San JoaquinA first public review draft of the PEIR/PEIS was re-
River Issues Related to Protection of Bay-Delta En-leased in March 1998. CALFED expects to issue a
vironmental Resources." second draft PEIR/PEIS by the end of 1998. The re-

(8) San Joaquin Basin Negotiated Agreement-Vernalisvised draft would identify CALFED’s draft preferred
flow objectives are replaced by target flows con-alternative.
tained in the agreement. The third phase would involve staged implemen-

CALFED’ s Ecosystem
Restoration Program calls

for extensive creation of new
habitat in the Delta.

Construction of setback
l~vees would allow

restoration of rlpar~an and
riveHne aquatic habitats,

benqfit~’ng fish
and wildlifo.
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tation of the preferred alternative over a time periodSulsun Marsh
of several decades and will require site-specific com-
pliance with NEPA and CEQA. Current plans are for SWRCB’s D-1485 required USBR and the De-

an initial implementation period of 7 to 10 years, dur-partment to develop a plan to protect the Suisun
Marsh. The Suisun Marsh Preservation and Restora-ing which only common program elements would be

implemented (water conservation measures, ecosystemtion Act of 1979 authorized the DOI to enter into an
agreement with California for cost-sharing in activi-restoration, levee improvements). Any conveyance or
ties to protect the marsh’s fish and wildlife resources.storage facilities would be constructed in a later phase

of implementation. A plan was subsequently developed and initial water
ESAAdmlnlstra~’on. The Bay-DeltaAccord estab- supply distribution systems called for in the plan were

lished several principles governing ESA administrationcompleted in 1981.
In 1986 PL 99-546 authorized the federal gov-in the Bay-Delta during the agreement’s term.

ernment to contract with Suisun Resource¯ The accord is intended to improve habitat condi-
tions in the Bay-Delta to avoid the need forConservation District, DFG, and the Department for

additional species listings during the agreement’smitigating effects of the SWR CVP, and other upstream

term. If additional listings do become necessar~diversions on marsh water quality. The agreement, ap-

the federal government will acquire any additionalproved in March 1987, described proposed facilities

water supply needed for those species by buyingto be constructed, a construction schedule, cost-shar-

water from willing sellers, ing responsibilities, water quality standards, soil salinity,

¯ There is intended to be no additional water costwater quality monitoring, and purchase of land to

to the CVP and SWP resulting from compliancemitigate the imp~icts of the Suisun Marsh facilities
themselves. As provided by the. agreement, a salinitywith biological opinion incidental take provisions
control structure on Montezuma Slough was com-for presently listed species. The CALFED Opera-
pleted in 1989. The structure has effectively reducedtions Group is to develop operational flexibility
salinity in Montezuma Slough and eastern regions ofby adjusting export limits,
the marsh, and to a lesser degree, in most of the west-- Real-time monitoring is to be used to the extent

possible to make decisions regarding operationalern regions of the marsh.
Because of the effectiveness of the salinity controlflexibility. CALFED commits to devote significant

structure and the increased Delta outflows called forresources to implement real-time monitoring,
in SWRCB’S Order WR 95-6, parties to the 1987
Suisun Marsh Preservation Agreement are amending
the agreement to focus on funding water management
activities, instead of constructing the large-scale facili-
ties initially planned. Activities such as improving
discharge facilities, screening portable pumps, employ-
ing a water manager, and constructing joint-use water
management facilities among landowners will enable
landowners to effectively use water from marsh sloughs.

Delta Proteetlon Commission

The Delta Protection Act of 1992 established the
Delta Protection Commission and charged it with pre-
paring a plan for land t~ses within the primary zone of
the Delta, and with working with local governments
to ensure that their general plans are brought into con-
formanee with the Commission’s plan. Delta
counri~s--including Solano, Yolo, Sacramento, San

An aerial view of the Montezuma Slough salinity control Joaquin, and C0ntra Costa--are required to comply

structure. The structure includes three 36-foot wide radial with findings of the plan. In February 1995, the Corn-
gates, a 66-foot wide barge access, and a boat lock. mission adopted, the Land Use and Resource
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Management Plan for the Primary Zone of the Delta San Francisco Estuary Project
(Delta Plan). The major goals of the Delta Plan in- The San Francisco Estuary Project, begun in 1987,
clude the following: is a federal-State partnership established under Clean
¯ Preserve and protect the natural resources of theWater Act authority to develop a plan for protecting

Delta, including soils, and restoring the estuary while maintaining its benefi-
¯ Promote protection of remnants of riparian habi-cial uses. The project, jointly sponsored by EPA and

tat. by the State, is financed by federal appropriations and
¯ Promote seasonal flooding and agricultural prac-matching funds from State and local agencies.

tices to maximize wildlife use. In 1993, the SFEP’s Comprehensive Conservation
¯ Promote levee maintenance and rehabilitation toand Management Plan was completed and signed by

preserve land areas and channel configurations inthe State and federal governments. The CCMP con-
the Delta. tained 145 specific action items to protect and restore

¯ Protect the Delta from excessive construction ofthe estuary, classified into the following programs:
utilities and other infrastructure. Where construc-aquatic resources, wildlife, wetlands management,
tion of new infrastructure is appropriate, minimizewater use, pollution prevention and reduction, dredg-
the impacts of new construction on levees, wild-ing and waterway modification, land use, public
life, and agriculture, involvement and education, and research and moni-

¯ Protect the unique character and qualities of thetoring. Since no specific funding exists for
primary zone by preserving its cultural heritageimplementing these action items, progress has contin-
and strong agricultural base. Encourage residen-ued under existing federal, State, and local programs.
tial, commercial, and industrial development inA 1996 SFEP progress report on CCMP implementa-
existing developed areas, tion identified ten priorities to be implemented over

¯ Support long-term viability of commercial agri-the next five years:
culture and discourage inappropriate development(1) Expand, restore, and protect Bay-Delta wetlands.
of agricultural lands. (2) Integrate and improve regulatory and scientific

¯ Protect long-term water quality in the Delta. monitoring programs.
¯ Promote continued recreational use of the land(3) Create economic incentives that encourage local

and waters of the Delta; ensure that facilities that governments to implement measures to protect
allow such uses are constructed and maintained; and enhance the estuary.
protect landowners from unauthorized recreational(4) Improve management and control of urban run-
uses on private lands; and maximize dwindling off.
public funds for recreation by promoting public-(5) Prepare and implement watershed management
private partnerships and multiple use of Delta plans throughout the estuary.
lands. (6) Reduce and control introduction of exotic species:

¯ Support the improvement and long-term mainte-(7) Build awareness about CCMP implementation.
nance of Delta levees by coordinating permit(8) Increase public awareness about the estuary’s natu-
reviews and guidelines for levee maintenance; de- ral resources and the need to protect them.
velop a long-term funding program for levee(9) Implement a regional monitoring program.
maintenance; protect levees in emergency situa-(10) Work with CALFED and others to address pr9-
tions; and give levee rehabilitation and gram priorities.
maintenance priority over other uses of levee ar-
eas. Coordinated OperaHon Agreement Renegotlation
As originally authorized, the Delta Protection In 1986, the Department and USBR signed a C0-

Commission was to expire in January 1997. Its expi-ordinated Operation Agreement obligating the CVP
ration date was extended to January 1, 1999. Theand the SWP to coordinate their operations to meet
Commission is currently studying existing recreationalD-1485 standards. The agreementauthorizes DOI to
uses in the Delta in conjunction with the Departmentoperate the CVP in coordination with the SWP to mee~
of Boating and Waterways and the Department of ParksState water quality standards for the Bay-~Delta (unless
and Recreation. The Commission continues to moni-DOI determines such operation to be inconsistent with
tot proposed land use changes in the Delta. Congressional directives), and provides a formula for
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sharing the obligation to provide water to meet watersources. The status of apportionment actions on rivers
quality standards and other in-basin uses. It sets forthwith long-standing interstate issues is discussed below.
the basis for CVP and SWP operation to ensure thatThere is currendy no significant activity on interstate
each project receives an equitable share of Central Val-groundwater basins. Within the last decade, there had
Icy runoff and guarantees that the two systems willbeen concerns in California about proposed large-scale
operate more efficiendy during periods of drought thangroundwater development projects in northern Nevada
they would if operated independend)~ Under the COA,that could affect interstate basins, but these projects
the USBR also agreed to meet its share of future waterhave not been implemented.
quality standards established by SWRCB.

Article 14 of the COA provides for periodic re- Truckee-Carson River System

view of project operation and of the COA, and for The Truckee-Carson-Pyramid Lake Water Rights
future adjustments to the sharing formula if assumedSettlement Act (Title II of PL No. 101-618) settled
conditions used to calculate the sharing formulaseveral water rights disputes affecting the waters of Lake
change. Since COA execution, biological opinions forTahoe, the Truckee River, and the Carson River. Of
winter-run chinook salmon and Delta smelt have im-most importance to California, the act made an inter-
posed new operational constraints on both the CVPstate apportionment of these waters between the States
and the SWP. In addition, the Bay-Delta Accord hasof California and Nevada. (It was the first Congres-
established standards which the two projects are vol-sional apportionment since the Boulder Canyon
untarily meeting, pending implementation of theProject Act of 1928.) The act addresses several other
standards through SWRCB’s water rights proceedings,issues, including settlement of water supply disputes
As a result of these changes, the Department and USBRbetween the Pyramid Lake Paiute Tribe of Indians and
have begun a review of the sharing formula, other users of the Truckee and Carson Rivers. The act

also addresses environmental concerns, such as recov-
Interstate Issues ery of listed fish species in Pyramid Lake.

California receives most of its water supply from Many of the act’s provisions--including the in-
intrastate rivers and groundwater basins. The Cole-terstate apportionment between California and
rado River, shared among seven states, contributes aNevada--will not take effect until several conditions
substantial water supply to Southern California, andhave been satisfied, including dismissal ofspecifled law-
other smaller interstate rivers are locally importantsuits and negotiation and adoption ofaTruckee River

Operating Agreement. The act requires that a TROA
be negotiated among DOI and the States of Califor-
nia and Nevada, after consultation with other parties
as may be designated by DOI or by the two states.
The TROA addresses interstate water allocation and
implements an agreement between Sierra Pacific Power
Company and the United States which provides for
storing water in upstream reservoirs for Pyramid Lake
fish and for emergency drought water supplies for the
Reno-Sparks area. TROA negotiation has been ongo-
ing since 1991. A draft TROA is being analyzed in an
EIS/EIR prepared by DOI. The Department is the
State lead agency for CEQA compliance. The draft
EIS/EIR was released for public review in 1998 and is
expected to be completed in 1999.

Walker River

There are currently no significant interstate ac-
tions pending on the Walker River. A proposed

USBR’s dam on Lake Tahoe regulates releases for downstreaminterstate allocation of the Walker River was negoti-
water users in Nevada. ated at one time but was not implemented. The Walker
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River was not included in the settlement legislationper basin. The effort seeks to achieve agreement on
for the adjoining Truckee and Carson River Basins. Inways to secure sufficient water for all needs, rather than
the recent past, interstate activities on the Walker Riveron asserting claims to rights.
have involved water quality and fishery issues associ-
ated with river operations and not water allocationColorado River

issues. Colorado River water management activities are
described in detail in Chapter 9. The major issue fac-

Klamath River ing California is its use of Colorado River water in
An interstate compact providing for administra-excess of the amount apportioned to it by the existing

tion of the Klamath River was adopted by Californiabody of statutes, court decisions, and agreements con-
and Oregon and ratified by Congress in 1957. Thetrolling use of the water supply among the seven basin
compact is managed by a Commission consisting ofstates. California’s basic apportionment of river water
the Director of the Oregon Water Resources Depart-is 4.4 maf of consumptive use per year (plus a share of
ment, the Director of the California Department ofsurplus flows, when available), as compared to its
Water Resources, and a non-voting federal representa-present consumptive use of up to 5.3 mar/yr.
tive who serves as chairperson. California’s use has historically exceeded the basic ap-

For the Compact’s first 39 years, there was littleportionment because California has been able to divert
controversy concerning the upper river basin. Recentand use Arizona’s and Nevada’s unused apportionments,
changes in operation of USBR’s Klamath Project fa-and to divert surplus water. With completion of the
cilities to protect listed fish species have affectedCentral Arizona Project and the 1996 enactment of
irrigation supplies available from the project. The Stategroundwater banking legislation, Arizona used more
of Oregon has begun a comprehensive water rightsthan its basic apportionment in 1997.
adjudication for its portion of the basin. USBR is draft- California has been meeting with the other basin
ing a new operations plan for its project to formalizestates to develop a plan for California to reduce its use
procedures for meeting the needs of listed fish speciesof Colorado River water to the State’s basic apportion-
in Klamath Lake and listed anadromous fish down-ment. A draft plan has been developed by the Colorado
stream in the lower river. The Klamath River CompactRiver Board of California and the local agencies it rep-
Commission began facilitating a process in coopera-resents. As described in detail in Chapter 9, the plan
tion with USBR and basin water users to identifyincludes actions such as water transfers from agricul-
voluntary solutions to water shortages affecting the up-tural users of river water to urban users in the South

USBR’s Hoover Dam on the

Colorado River was a major
engineerlngfeat at the time

of lts construction and
provided jobs for thousand~

of Depression-era workers.
Today, the dam is an

important source of water
and power for $outh~n

California.
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Coast Region, lining of portions of the All Americanmanagement authorities, there are 7 agencies with AB
and Coachella Canals, and groundwater banking. As255 plans and over 50 agencies with some other form
presently envisioned, implementing California’s planof statutory authority.
would occur in two phases, with projects that are pres- The number of agencies adopting AB 3030 plans
ently well-defined (e.g., canal lining, a San Diego/is increasing. Quantifying the number of plans adopted
Imperial Valley water transfer) implemented in the firstis somewhat uncertain, since there is no requirement
phase, in the statute that agencies adopting plans file copies

of those plans with the Department or SWRCB. A
tabulation of agencies with AB 3030 plans, togetherRegional and Local Programs
with agencies managing groundwater under some other

LoealAgeney Groundwater authorit~ can be found in the Department’s 1998 re-
port to the Legislature on local agency groundwaterManagement Programs
management.

In most western states, the rights to the use of sur-
face water and groundwater resources are administeredWatershed-Based Planning
by the states. California administers rights to surface There has been increased interest in watershed-
water at the State level, but not rights to groundwater,based planning, sometimes prompted by water quality
In California, groundwater .may be managed under aregulatory programs. Watersheds and sub-watersheds
variety of authorities, ranging from judicial adjudica-are logical units for implementing SDWA source wa-
tion of individual basins to several forms of local agencyter protection programs and CWA nonpoint source
management. Some local agencies have specific statu-pollution control programs. "Watershed planning’’ can
tory authority to manage groundwater resources inhave a range of meanings--some people associate wa-
their service areas. Other local agencies may managetershed planning with small, community-based
groundwater under authority provided by general en-watershed restoration efforts, often carried out via a
abling legislation, such as Water Code Section 10750coordinated resources management plan. Others think
et seq. A few counties have adopted local ordinancesof larger-scale efforts that focus on nonpoint source
dealing with groundwater management, pollution control, such as SWRCB’s watershed man-

The 1992 enactment of AB 3030 (Water Codeagement initiative. Some watershed-based planning
Section 10750 etseq.) provided broad general author-activities are reviewed below.
ity for local agencies to adopt groundwater NonpolntSoureePollution Control Watershed
management plans and to impose assessments to coverPlanning. SWRCB and the nine regional water qual-
the cost of implementing the plans. To date, aboutity control boards are implementing a watershed
150 local agencies have adopted AB 3030 groundwa-management approach to administering water pollu-
ter management plans. Under other groundwatertion control programs, addressing point and nonpoint

USBR’s Spring Creek Debris
Dam was constructed to
control runoff reaching the
Sacramento River from part
of the Iron Mountain Mine
site.
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TABLE 2-7
Partial List of Targeted Watersheds and Watershed Activities

Identified for the Watershed Management Initiative

Regional Board Targeted Watershed Targeted Watershed Pr~or~t~es/Act~’vit~es

Russian/Bodega                  Fish restoration, erosion/sedimentation control, riparian
enhancement

Lost River and Klamath River Stream restoration on Clear Lake tributaries (Modoc County)
upstream of Iron Gate Dam

Shasta River and tributaries Irrigation return flows, nutrient and temperature reductions,
irrigation water conservation

Region 1 Scott River and tributaries Temperature reduction, irrigation water conservation, erosion/
North Coast sedimentation control

Other Klamath River tributaries Fish restoration, erosion/sedimentation control
upstream of Scott River confluence

Garcia Watershed Fish restoration, erosion/sedimentarion control, temperature
reduction

Humboldt Bay Fish restoration, erosion/sedimentation control

Napa River Riparian and wetland restoration, sedimentation control,
volunteer monitoring

Petaluma River Riparian and wetland restoration, sedimentation control, animal
waste control, volunteer monitoring

Tomales Bay Riparian restoration, sedimentation control, mine waste
management, on-site disposal, volunteer monitoring

Region 2 San Francisquito Creek Riparian and wedand restoration, sedimentation control, urban

San Francisco
runoff prevention and control, volunteer monitoring

Bay Walnut Creek Riparian restoration, sedimentation control, urban runoff
prevention and control, volunteer monitoring

Suisun Marsh Riparian and wedand restoration, sedimentation control,
construction and agricultural activities, volunteer monitoring and
education

Alameda Creek Riparian and wetland restoration, sedimentation control,
construction and agricultural activities, groundwater protection,
volunteer monitoring and education

Salinas River Agricultural activities, erosion/sedimentation control, riparian
and wedand enhancement and restoration

Morro Bay Erosion/sedimentation control, abandoned mines, road
construction, agricultural activities, riparian and wedand

Region 3 enhancement and restoration

Central Coast San Lorenzo Erosion/sedimentation control, road construction and
maintenance, riparian and wetland enhancement and restoration

Pajaro River Nonpoint source pollution control, riparian and wetland
enhancement and restoration

Santa Maria River Nonpoint source pollution control, riparian and wetland
enhancement and restoration
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TABLE 2-7

Partial List of Targeted Watersheds and Watershed Activities

identified for the Watershed Management Initiative (continued)

Regional Board Targeted Watershed Targeted Watershed Priorities/Activities

Calleguas Creek                  Reduce nutrients, pesticides, and sediments in irrigation water;
restore aquatic and riparian habitats; flood control; enhance
recreational uses

Ventura River Watershed Restore aquatic habitats; implement flood control; enhance
Region 4 recreational uses
Los Angeles

Los Angeles River Restore aquatic and riparian habitats; enhance recreational uses;
reduce pollutants

Santa Monica Bay Reduce pollutants from boatyards and marinas; enhance
recreational uses; restore wetlands

Lower San Joaquin River Selenium, agriculture, dairies, temperature, urban runoff
Watershed

Sacramento-San Joaquin Delta Agriculture, sediments, bacteria, dredged material, dissolved
oxygen, urban runoff

Lower Sacramento River Agriculture, urban runoff, mercury, heavy metals, nitrates, septic

Region 5 Watershed systems, fisheries

Central Valley Cache Creek Watershed and Nutrients (algal blooms), mercury
Clear Lake

Pit River Hydromodification, nutrients (algal blooms), dissolved oxygen,
turbidity/sedimentation, temperature, agriculture, grazing, silviculture

Tulare Lake Salts, pesticides, boron, chloride, molybdenum, sulfate, dissolved
oxygen, bacteria, used oil

Lower Truckee River Roadside drainage, erosion contro!, urban runoff, fisheries habitat
improvement, wedands enhancement, stream restoration

Upper Truckee River Sedimentation control, nutrients from watershed disturbances;
Region 6 watershed education; restoration of wetland function, riparian areas,
Lahontan and/or river morphology and function

Carson River Erosion control, disposal of livestock waste, watershed education,
wetland/riparian restoration

Region 7 Imperial Valley Watershed Agricultural pollution control

Colorado River CoacheIla Valley Watershed Agricultural pollution control, groundwater protection

Region 8 Chino Basin Watershed Agricultural runoff, dairies, salt build-up in groundwater

Santa Ann Newport Bay Watershed Toxics, nutrients, pathogens, sediments

San Diego Bay - all tributaries Urban runoff, public education

San Diego Bay Copper leaching from boat hulls, oil spills

Region 9 Otay River Valley Urban runoff, public education, pollutant loadings

San Diego Sweetwater River Heavy metals, petroleum products, public education, nutrient
transport, sediment transport

Aliso Creek Coliform contamination

Santa Margarita River Nitrogen and phosphorus loading from agriculture
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pollution sources. In 1997, SWRCB, RWQCBs, andto "complete its earlier work concerning riparian habi-
EPA began a new program known as the Watershedtat protection and management, including the
Management Initiative. Targeted watersheds and wa-development of a specific implementation program."
tershed priorities or activities were identified for eachThe council in turn established a riparian committee
of California’s nine RWQCBs. Examples of targetedto define the inner and outer zones of a proposed con-
watersheds and watershed priorities or activities areservation area, provide the basic framework of the
listed in Table 2-7. Federal CWA funding adminis-riparian plan, and evaluate and recommend a suitable
tered by SWRCB may be used to work on prior.ityorganizational structure to implement the riparian
programs, plan. Detailed mapping of the riparian corridor con-

Upper Sacramento River Fisheries and Ripar- tinues, and the committee is continuing to refine
ian Habitat Plan. In 1986, State legislation (SB 1086) mechanisms to manage the proposed conservation
called for preparation of a management plan to pro-area.
tect, restore, and enhance the fishery, riparian habitat, SanJoaquln River Management Program. The
and wildlife of the upper Sacramento River. The plan,San Joaquin River Management Program was autho-
published in 1989, was prepared by an advisory coun-rized by 1990 State legislation that established an
cil working closely with a wide range of agencyadvisory council and action team, and directed the
representatives and stakeholders. The plan recom-Secretary for Resources to coordinate their activities
mended implementation of 20 fishery improvementin preparing a program to develop solutions to meet
actions, several of which (for example, constructing awater supply, water quali~ flood protection, fisher-
temperature control device at Shasta Dam and improv-ies, wildlife habitat, and recreation needs on a specified
ing fish passage at USBR’s Red Bluff Diversion Dam) segment of the San Joaquin River. Members of the
were subsequently included in CVPIA. Other actions,advisory council and action team included State, fed-
such as habitat restoration at Mill Creek, are beingeral, and local agencies and stakeholders representing
implemented largely under State authorities with thea variety of interests. The members developed a con-
participation of local property owners and other stake-sensus-based plan addressing resource issues listed in
holders, the authorizing legislation; the plan was published in

In 1992, the Upper Sacramento River Advisory1995. Subsequent State legislation extended the origi-
Council was reconvened by the Secretary for Resourcesnal 1995 termination of the program and further

USBR is evaluating the
fishery impacts of different
types of pump diversions to
the Tehama-Colnsa Canal

One alternatlve for
improvlngfish passage at
Red Bluff Diverslon Dam

wouM be to leave the dam’s
gates in the raised position

and use a pumping plant to
make TCC diversions. The

research plant contains three
pumps-one helical pump and
two Archimedes screw pumps

(right side of photo).
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directed SJRMP to work with programs such asowners banded together to improve fishery habitat on
CVPIA and CALFED to seek funding for actions rec- the creeks. Actions taken or being considered include
ommended in the 1995 plan. addressing fish passage problems at water diversion

The plan recommended implementation of spe-structures, using groundwater for irrigation instead of
cific projects and further study of other projects, suchsurface water during times critical to fish passage, and
as enlargement of Friant Dam and construction offencing riparian habitat to exclude livestock.
Montgomery Reservoir offstream storage reservoir for
fishery water supply. Some of the recommendedImplonentatlon of Urban

Water Conservation lIlOUprojects are being implemented, including a pilot pro-
gram for real-time management of agricultural The 1991 Memorandum ofUnderstandingRegard-
drainage discharge to the San Joaquin River. Othering Urban Water Conservation in California defined a
recommended projects may be implemented throughset of urban best management practices and procedures
CVPIA~s AFRP or the CALFED Category III program, for their implementation, and established a California

Conservaneles. Other mechanisms for watershed-Urban Water Conservation Council composed of
based planning are conservancies created by specialMOU signatories (local water agencies, environmen-
enabling legislation. These conservancies are usuallytal groups, and other interested parties). More than
focused on land acquisition or management activi-200 entities have signed the MOU. The CUWCC has
ties. Two conservancies have a water-relatedmonitored implementation of BMPs and reported
orientation. The Tahoe Conservancy was created inprogress annually to the SWRCB. The council devel-
1984 to acquire and manage property in the Lakeoped a plan providing for ongoing review of BMPs
Tahoe Basin for the primary purpose of maintainingand potential BMPs. In late 1996, the council initi-
the lake’s water quality. Other authorized purposes ofated a review of the BMPs to clarify expectations for
the conservancy are to provide access to public lands,implementation and to develop an implementation
preserve wildlife habitat, and perform environmentalevaluation methodology. Revised BMPs were adopted
restoration projects. The conservancy is governed byin 1997, as described in Chapter 4.
a seven-member board, with members from the City
of South Lake Tahoe, E1 Dorado County, PlacerImplementation of AgriculturalEfflclent

County, the Resources Agency, Department of Fi-Water Management Practices MOU

nance, and two members appointed by the Legislature. The Agricultural Efficient Water Management
A representative of the U.S. Forest Service is a non-Practices Act of 1990 (AB 3616) required the Depart-
voting board member. Since voter enactment of thement to establish an advisory committee to develop
1982 Lake Tahoe Acquisitions Bond Act, the conser-EWMPs for agricultural water use. Negotiations among
vancy has spent about $85 million in land acquisitionagricultural water users, environmental interests, and
and erosion control projects in the basin, governmental agencies on a MOU to implement

The San Joaquin River Conservancy was createdEWMPs were completed in 1996. The MOU estab-
by 1992 legislation to acquire and manage lands alonglished an Agricultural Water Management Council to
the river in Fresno and Madera Counties for recre-oversee EWMP implementation, much like the orga-
ational and wildlife habitat. As established in thenizational structure that exists for urban BMPs, and
enabling legislation, the conservancy is governed by aalso provided a mechanism for its signatories to evalu-
board of six voting members and seven non-votingate and endorse water management plans. By May
ex-ofiqcio members. 1998, the MOU had been signed by 31 agricultural

Non-Governmental Organizations. Some water- water suppliers irrigating about 3 million acres of land,
shed-based planning activities are being carried outas well as by over 60 other entities. More detail on the
by voluntary non-governmental organizations, oftenagricultural MOU is provided in Chapter 4.
in the form of non-profit corporations. These NGOs
are typically focused on resource issues in small wa-
tersheds, where they may partner with a resource
conservation district to carry out specific projects. Ex-
amples of such efforts are found on Mill Creek and
Deer Creek in the Sacramento Valley, where local land-

¯ RECENT EVENTS IN CALIFORNIA WATER 2-24

C--093943
C-093943



Institutional Framework-
for Allocating and Managing

Water Resources in California

In California, water use and supplies are controlledR~patqan andAppropriative R~ghts
and managed under an intricate system of federal and California operates under a dual system of water
State laws. Common law principles, constitutional pro-rights for surface water which recognizes both riparian
visions, State and federal statutes, court decisions, andrights and appropriative rights. Under the riparian doc-
contracts or agreements all govern how water is alio-trine, the owners of land have the right to divert, but
cated, developed, or used. All of these componentsnot store, a portion of the natural flow of water flow-
constitute the institutional framework for allocationing by their land for reasonable and beneficial use upon
and managementof water resources in California. their land adjacent to the stream and within its water-

This appendix presents an overview of California’sshed, subject to certain limitations. Generally, all
institutional framework, highlighting some of the moreriparian water right holders must reduce their water
recent changes. Summarized here are major constim-use in times of water shortages. Under the prior ap-
tional requirements~ statutes, court decisions, andpropriadon doctrine, a person maX acquire a right to
agreements that form the groundwork for manywaterdivert, store, and use water regardless of whether the
resource management and planning activities. Changesland on which it is used is adjacent to a stream or within
since the publication of Bulletin 160-93 are coveredits watershed, provided that the water is used for rea-
in the Chapter 2 text. sonableand beneficial uses and is surplus to water from

the same stream used by earlier appropriators. The rule
Allocation and Management of of priority between appropriators is "first in time is
California’s Water Supplies first in right."

The following subsections Condense basic water
rights laws and doctrines governing allocation and useWater.Rights Pwtmits and Licoises

of California’s water supplies. The Water Commission Act, wtiich took effect in
1914 following a ~efemndum, ~ecognizea the

Cal~forn~a Constitution Artld~ X, Section 2 ing interest of the people in the waters of the State,
The keystone of California’s water law and policy,but provided that private rights to use water may be

Article X, Section 2 of the California Constitution,acquired in~ the manner provided by law. The act es-
requires~ that all uses of the State’s water be both rea-tablished a system of State-issued permits and licenses
sortable and beneficial. It places a significant limitationto appropriate water. Amended over the years, it now
on water rights by prohibiting the waste, unreason-appears in Division 2 (commencing withSection 1000)
able use, unreasonable method of use, or Unreasonableof the Water Code. These provisions place responsi-
method of diversion of water, bility for administering appropriative water rights with
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SWRCB; however, the permit and license provisionsand use of tidelands and navigable waters are inalien-
do not apply to pre-1914 appropriative rights (thoseable. Traditional public trust rights include navigation,
initiated before the act took effect in 1914). The actcommerce, and fishing. California law has expanded
also provides’procedures for adjudication of waterthe traditional public trust uses to include protection
rights, including court references to SWRCB and statu-offish and wildlife, preserving trust lands in their natu-
tory adjudications of all rights to a stream system, ral condition for scientific study and scenic enjoyment,

and related open-space uses.
Groundwater Management In 1983, the California Supreme Court extended

Generally, groundwater is available to any personthe public trust doctrine’s limitation on private rights
who owns land overlying the groundwater basin,to appropriative water rights. In National Audubon
Groundwater management in California may be ac-Society v. Superior Court of Alpine County, the court
complished either by a judicial’adjudication of theheld that water right licenses held by the City of Los
respective rights of overlying users and exporters, orAngeles to divert water from streams tributary to Mono
by local management of rights to extract and useLake remain subject to ongoing State supervision un-
groundwater as authorized by statute or agreement,der the public trust doctrine. The court held that public
Statutory management may be granted to a publictrust uses must be considered and balanced when tights
agency that also manages surface water, or to a ground-to divert water away from navigable water bodies are
water management agency created expressly for thatconsidered. The court also held that Californids ap-
purpose by a special district act. propriative rights system and the public trust doctrine

In 1991, the Water Code was amended byAB 255embody important precepts which "... make the law
to allow local water agencies overlying criticallymore responsive to the diverse needs and interests in-
overdrafted groundwater basins to d~velop groundwa-volved in planning and allocation ofwater resources."
ter management plans. Only a few local agenciesConsequendy, in issuing or reconsidering, any rights
adopted plans pursuant to that authorization. In 1992,to appropriate and divert water, the State must bal-
the Legislature adopted new sections authorizing an-ance public trust needs with the needs for other
other form of groundwater management, also availablebeneficial uses of Water. In 1994, the SWRCB issued a
to any local~ agency that provides water service, if the final decision on Mono Lake (Decision 1631) in which
groundwater was not subject to management underit balanced the various uses in determining the appro-
other provisions of law or a court decree. Plans adoptedpriate terms and conditions of the water rights permit
pursuant to the 1992 statute (commonly called ABfor the City of Los Angeles. The public trust doctrine
3030 plans) may include control of salt water intru-will also be applied by the SWRCB in its current con-
sion; identification and protection of wellhead andsideratiori of water rights in the Bay-Delta.
recharge areas; regulation of the migration ofcontami- Since the 1983 National Audubon decision, the
nated water; provisions for abandonment andpublic trust doctrin,e has been involved in several other
destruction of wells; mitigation of overdraft; replen-cases. In United States v. State Water Resources Control
ishment; monitoring; facilitating conjunctive use;Board (commonly referred to as the Racanelli Deci-
identification of well construction policies; and con-sion and discussed below),~ the State Court of Appeal
struction of cleanup, recharge, recycling, and extractionreiterated that the public trust doctrine is a significant
projects by the local agency, limitation on water rights. The public trust doctrine

was also a basis for the decision in Environmental De-
Public Trust Doarine fense Fund v. East Bay Municipal Utility Distri~ In

In the 1980s, the public trust doctrine was usedthis case, EDF claimed that EBMUD should not con-
by courts to limit traditional water rights. Under thetractwith USBRfor water diverted from the American
equal footing doctrine of the U.S. Constitution, eachRiver upstream from the Sacramento urban area in a
state has tide to tidelands and the beds of navigablemanner that would harm instream uses including rec-
lakes and streams within its borders. The public trustreational, scenic, and fish and wildlife preservation
doctrine--recognized in some form by most states~purposes. The Superior Court upheld the validity of
embodies the principle that the state holds tide to suchEBMUD’s contract with USBR, but placed limitations
properties within the state in trust for the beneficialon the timing and amounts of deliveries to EBMUD.
use of the public, and that public rights of access toAs a result of these cases; the SWRCB now routinely
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implements the public trust doctrine through regula-River. Pursuant to Section 401 of the CleanWater Act,
tions and through terms and conditions in water rightsthe project proponents were required to obtain state
permits and licenses, certification for the hydroelectric projedt. The State of

Washington set an instream flow requirement in its
Fed.ral Power Act certification process to protect the river’s designated

The Federal Power Act created a federal licensinguse as fish habitat. Section 303 of the Clean Water Act
system administered bythe Federal Energy Regulatoryrequires states to establish water quality standards for
Commission and required that a license be obtainedintrastate waters, with the standards to include both
for nonfederal hydroelectric projects proposing to usenumeric water quality criteria and designated uses.
navigable waters or federal lands. The act contains a
clause modeled after a douse in the Reclamation ActArea of Orlgin Protections

of 1902, which disclaims any intent to affect state water During.. the years when California’s two largest
rights law. water projects, the CVP and SWP, were being planned

In a number of decisions dating back to the 1940s,and developed, area of origin provisions were added to
the U.S. Supreme Court held that provisions of thethe water code to protect local Northern California
ReclamationAct and the Federal Power Act preemptedsupplies from being depleted as a result of the projects.
inconsistent provisions of law. Decisions under both County of origin statutes reserve water supplies for
acts found that these-clauses were merely "savingcounties in which the water originates when, in the
clauses" which required the United States to followjudgment of the SWRCB, an application for the as-
minimal state procedural laws or to pay just compen- signment or release from priority of State water right
sation where vested nonfederal water rights are taken,filings will deprive the county of water necessary for

in California g. United States(1978), however, the its present and future,development. Watershed pro-
U.S. Supreme Court disavowed dicta in a number oftecrion statutes are provisions which require that the
earlier Supreme Court decisions which stated thatconstruction and operation of elements of the CVP
under the Reclamation Act the United States need notand the SWP not deprive the watershed, or area where
comply with state water law. It held that-the Reclama-water originates (or immediately adjacent areas which
tion Act clause requires the USBR to comply withcan be c0~ix~eniently supplied with water) of the prior
conditions in state water rights permits unless thoseright to water reasonably required to supply the present
conditions conflict with "clear Congressional direc-or furore beneficial needs of the watershed area or any
tires." In California v. FERC (1990), commonly of its inhabitants or property owners.
referred to as the Rock Creek Decision, the U.S. Su- The Delta Protection Act, enacted in 1959 (not
preme Court rejected California’s argument that theto be confused with the Delta Protection Act of 1992,
Federal Power Act clause required deference to statewhich relates to land use), declares that the mainte-
water law, as the Reclamation Act did. The Supremenonce of an adequate water supply in the Delta~to
Court distinguished between the two acts, finding thatmaintai~ and expired agriculture, industry, urban, and
the Federal Power Act envisioned a broader and morerecreational development in the Delta area and pro-
active oversight role than did the Reclamation law. Thevide a common source of fresh water for export to areas
Federal District Court case of Sayles Hydro Association ofwater deficiency~is necessary for the peace, health,
v. Maughan (1993), reinforced this view by holdingsafety, and welfare of the people of.the State, and is
that federal law prevents any state regulation offeder-subject to the County of Origin and Watershed Pro-
ally licensed power projects other than determiningtection laws. The act requires the SWP and the CVP
proprietary water rights, to provide salinity control in the Delta andan adequate

In 1994, the U.S. Supreme Court issued a deci-water supply for water users in the Delta.
sion referred to as the Elkhorn decision or Tacoma In 1984, additional area of origin protections were
decision ( P UD No. 1 of Jefferson County and CiF of enacted covering the Sacramento, Mokdurune, Calaveras,
Tacoma v. Washington Department of Ecology). The Su- and San Joaquin Rivers; the combined Truckee, Carson,
preme Court held that a state minimum instream flowand Walker Rivers; and Mono Lake. The protections pro-
requirement is a permissible cofidition of a Clean Waterhibit the export of groundwater from the combined
Act Section 401 certification, in response to a proposalSacramento River and Delta Basins, unless the export is.
to construct a hydroelectric project on the Dosewallips in. compliance with local groundwater plans.
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Environmental Regulatory Statutes All State lead agencies are required to consult with
and Programs the Department offish and Game about projects that

impact State listed species. DFG is required to render
Endangered SpeciesAct an opinion as to whether the proposed project jeopar-

Under the federal ESA, an endangered species isdizes a listed species and to offer alternatives to avoid
One that is in danger of extinction in all or a signifi-jeopardy. State agencies must adopt reasonable alter-
cant part of its range, and a threatened species is onenatives unless there are overriding social or economic
that is likely to become endangered in the near future,conditions that make such alternatives infeasible. For
The ESA is designed to preserve endangered and threat-projects causing incidental take, DFG is required to
ened species by protecting individuals of the speciesspecify reasonable and prudent measures to minimize
and their habitat and by implementing measures thattake. Any take that results from activities that are car-
promote their recovery. The ESA sets forth a proce-tied out in compliance with these measures is not
dure for listing species as threatened or endangered,prohibited.
Final listing decisions are made by USFWS or NMFS. Many California species are both federally listed

Once a species is listed, Section 7 of the act re-and State listed. CESA directs DFG to coordinate with
quires that federal agencies, in consultation with thethe USFWS and NMFS in the consultation process so
USFWS or NMFS, ensure that their actions do notthat consistent and compatible opinions or findings
jeopardize the continued existence of the species orcan be adopted by both federal and State agencies.
habitat critical for the survival of that species. The fed-

Natural Community Conservation Planningeral wildlife agencies are required to provide an opinion
as to whether the federal action would jeopardize the Adopted in 1991, California’s Natural Commu-
species. The opinion must include reasonable and pru-nity Conservation Planning Act establishes a program
dent alternatives to the action that would avoidto identify the habitat needs of species before they be-
jeopardizing the species’ existence. Federal actions sub-come listed as threatened or endangered, and to develop
ject to Section 7 include issuance of federal permits’appropriate voluntaiy conservation methods compat-

such as the dredge and fill permit required under Sec-ible with development and growth..Participants in the

tion 404 of the federal Clean Water Act, which requiresprogram develop plans to protect certain habitat and
that the project proponent demonstrate that there iswill ultimately enter into agreements with DFG to

no feasible alternative consistent with the project goalsensure that the plans will be carried out. Plans must.

that would not affect listed species. Mitigation of thebe created so that they are consistent with endangered
proposed project is not considered until this hurdle isspecies laws.
passed.

State agencies and private parties also are subjectDredge and Fill Permits

to the ESA. Section 9 of the ESA prohibits the "take" Section 404 of the federal Clean Water Act regu-

of endangered species and threatened species for whichlates the discharge bf dredged and ~ill materials into
protective regulations have been adopted. Take has beenwaters of the United States, including wedands. The

broadly defined to include actions that harm or harassterm "discharge of &edged and fill material" has been

listed species or that cause a significant loss of theirdefined broadly to include the construction of any

habitat. State agencies and private parties are generallystructure involving rock, soil, or other construction

requiredto obtain apermit from theUSFWS orNMFSmaterial. No discharge may occur unless a permitis

under Section 10(a) of the ESA before carrying outobtained from the USACE. Generally; the project pro-
activities that may incidentally result in taking listedponent must agree to mitigate orhave plans to mitigate
species. The permit normally contains conditions toenvironmental impacts caused by the project before a

avoid taking listed species and to compensate for habi-permit is issued. The EPA has the authority to veto

tat adversely impacted by the activities, permits issued by the Corps for projects that have un-
acceptable adverse effects on municipal water supplies,

CaliJbrnia Endangered SpeciesAct fisheries, wildlife, or recreational areas.
The California Endangered Species Act is similar Section 404 allows the issuance of a general per-

to the federal ESA. Listing decisions are made by themit on a state, regional, or nationwide basis for certain
California Fish and Game Commission. categories of activities that will cause only minimal en-

C--093947



vironmental effects. Such activities are permitted with-may substantially impact an existing fish or wildlife
out the need of an individu~ permit application,resource, DFG may require that the agreement include
Installation of a stream gaging station along a riverprovisions designed to protect riparian habitat, fisher~
levee is one ekample of an activity which falls within aies, and wildlife. Newwater development projects and
nation, wide permit~ ongoing maintenance activities are often subject to

The USACE also administers a permitting pro-these sections.
gram trader Section 10 ofthe 1899 Rivers and Harbors

ZcIigrat~ry Bird Trea~yA~tAct. Section 10 generally requires a permit for obstruc-
tions to navigable water. The scope of the permit under This act implements various treaties for the pro-
Section 10 is narrower than under Section 404sincetection of migratory birds and prohibits the "taking"
the term "navigable waters" is more limited than "wa-(broadly defined) of birds protected by those treaties
ters oftheUnited States." ¯ without a permit. The Secretary of the Interior deter-

The majority of water development projects mustmines conditions under which a taking may occur, and
comply with Section 404, Section !0, or both. criminal penalties are provided for unlawfially taking

or transporting protected birds. Liability imposed by
Publi~ Interest Terms and Conditions this act was one of several factors leading to the deci-

The Water Code authorizes the SWRCB to im-sion to close the San Luis Drain and Kesterson
pose public interest terms and conditions to conserveReservoir.
the public interest, specifically the consideration of
instream beneficial uses, when it issues permits to ap-[nv[rollnlollta|
propriate water. It also considers environmentaland Mitigation
impacts of approving water transfers under its juris- Another set of environmental statutes compels gov-
diction. Frequend~ it reserves jurisdiction to considerernmental agencies and private individuals to
new instream uses and to modify permits accordingly:document and consider the environmental conse-

Releases of Water for Fish quences of their actions. They define the procedures
through which governmental agencies consider envi-

Fish and Game Code Section 5937 provides pro-ronmental factors in their decision-making process.
tection to fisheries by requiring that the owner of any
dam allow sufficient water at all times to pass throughNational Environmental Policy Act
the dam to keep in good condition any fisheries that NEPA directs federal agencies to prepare an envi-
may be planted or exist below the dam. In California ronmental impact statement for all major federal
Trout, Inc. v. the State Water Resources Control Board actions which may have a significant effect on the hu-
(1989), the court determined that Fish and Game Codeman environment. It states that it is the goal of the
sections 5937 and 5946 required the SWRCB tofederal governme.nt to use all practicable means, con-
modify the permits and licenses issued to the City ofsistent with other considerations of national po!ic~ to
Los Angeles to appropriate water from the streams feed-protect and enhance the quality of the environment.
ing Mono Lake tO ensure sufficient water flows for It is a procedural law requiring all federal agencies to
downstream fisheries. The SWRCB reconsidered Losconsider the environmental impacts of their proposed
Angeles’ permits and licenses in light offish and Gameactions during the planning and decision-making pro-
Code Section 5937 and the public trust doctrine, Incesses.
1994, the SWRCB adopted D-1631, which requires
Los Angeles to allow sufficient flows from the streamsCalifornia Environmental Quali~y A~t
feeding-Mono Lake to reach the lake to allow it to rise CE.QA, modeled after NEPA, requires California
to the level of 6,391 feetin approximately twenty years,public agency decision-makers to document and con-

r sider the environmental impacts of their actions. It
StreambedAlteration Agreements requires an agency to identify ways to avoid or reduce

Fish and Game Code Sections 1601 and 1603 re-environmental damage, and to implement those mea-
quire that any governmental entity or private partysures where feasible. CEQA applies to all levels of
altering a river, stream, lakebed, bottom, or channelCalifornia government, including the State, counties,
enter into an agreement with DFG. When the project’cities, and local districts.
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CEQA requires that a public agency carrying outthat would: preserve other selected rivers or sections
a project with significant environmental effects pre-thereof in their free-flowing condition to protect the
pare an environmental impact report. An EIR containswater quality of such rivers and to fulfill other vital
a description of the project; adiscussion of the project’snational conservation purposes."
environmental impacts, mitigation measures, and al- The act prohibits federal agendes from construct-
tematives; public comments; and the agency’s responsesing, authorizing, or funding the construction of water
to the comments. In other instances, a notice of e.x-resources projects having a direct and adverse effect
eruption from the application of CEQA may also beon the values for which a river was designated~ This
appropriate, restriction also applies to ~ivers designated for poten-

NEPA does not generally require federal agenciestial addition to .the National Wild and Scenic Rivers
to adopt mitigation measures or alternatives providedSystem. Included in the system are most rivers pro-
in the EIS. CEQA imposes substantive duties on all~tcted under California’s State Wild and Scenic Rivers
California governmental agencies .that approve projectsAct; these rivers were included in the national system
with significant environmental impacts to adopt lea-upon California’s petition on January 19, 1981. The
sible alternatives or mitigation measures thatWest Walker and East Fork Carson Rivers are not in-
substantiallyiessen these impacts, unless there are over-cluded in the federal system.
riding reasons. When a project is subject to both CEQA
and NEPA, both laws encourage the agencies to coop-California W~M and S~enie Pavers System

erate in planning the project and to prepare joint In 1972, the Legislature passedthe California Wild
environmental documents, and Scenic Rivers Act, declaring that specified rivers

possess extraordinary scenic, recreational, fishery, or
Fish and Wildlife CoordlnationA~t wildlife values, and should be preserved in a

The Fish and W’fidlife Coordination Act expressesfree-flowing state for the benefit of the people of Call-
congressional policy to protect the quality of the aquaticfornia. It declared that such use of the rivers would be
environment as it affects the conservation, improve-the highest and most beneficial use within the mean-
ment, and enjoyment of fish and wildlife resources,ing of Article X, Section 2 of the California
Under this act, any federal agency that proposes toConstitution. The act prohibits construction of any
control or modify any body of water, or to issue a per-dam, reservoir, diversion, or other water impoundment
mit allowing control or modification of a body of water,on a designated river. Diversions needed to supply do-
must first consult with the USFWS and State wildlifemestic water to residents of counties through which
officials. This requires coordination early in the projectthe river flows may be authorized, if the Secretary for
planning and environmental review processes. Resources determines that the diversion will not ad-

versely affect the river’s free-flowing character.
The major difference between the national andProtection of Wild and Natural Areas State acts is that ifa’river is designated wild and scenic

Water use and management are also limited byunder the State act, FERC can still issue a license to
several statutes designed to set aside resources or areasbuild a dam-on that river, thus overriding the State
to preserve their natural conditions. These statutes pre-system. (See Federal Power Act discussion above.) This
clude many activities, including most waterdifference explains why national wild and scenic des-
development projects, within the areas set aside, ignation is often sought.

Federal Wild and Scenic Pavers System National Wilderness Act
In 1968, Congress passed the National Wild and The W~dderness Act sets up a system to protect

Scenic Rivers Act to preserve, in their ftee-flowing con-federal land designated by Congress as a "wilderness
dition, rivers which possess "outstandingly remarkablearea" and preserve it in its natural condition. W~llder-
scenic, recreational, geologic, fish and wildlife, historic,hess is defined as undeveloped federal land retaining
cultural, or other similar values." The act also statesits primeval character and influence without perma-
" ... that the established national policy of dam andnenr improvements or human habitation. Commercial
other construction at appropriate sections of rivers ofenterprise, permanent roads, motor vehicles, aircraft
the United States needs to be complemented by a policylandings, motorized equipment, or construction of
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structures or installations (such as dams, diversions,of discharges in navigable waters of the United States°
conveyance facilities, and gaging stations) are prohib-The EPA was given the authority to implement the
ited within designated wilderness areas. NPDES, although the act als6 authorizes states to

implement the act in lieu of the EPA, provided the
state has sufficient authority.

Water Quality Protection In 1972, the Legislature amended the
Water quality is an important aspect of water re-Porter-Cologne Act to give California the authority

source management. The SWRCB plays a central roleand ability to operate the NPDES permits program.
in determining both water rights and regulating waterBefore a permit may be issued, Section 401 of the Clean
quality. The Department of Health Services has regu-Water Act requires that the regional water quality con-
latory oversight over drinking water quality; a programtrol board certify that the discharge will comply with
administered in coordinadonwith county environmen-applicable water quality standards. After making the
tat health agencies. Discussed below are key State andcertification, the regional board may issue the permit,
federal laws governing water quality, satisfying both State and federal law. In 1987, Section

402 was amended to require the regulation of storm
Porter-Cologn~ Water Quality Control Aet water runoff under the NPDES.

This act is Calfformas comprehens,ve water qual-
ity control law and is a complete regulatory programSaf~ Drinking WaterAet
designed to protect water quality and beneficial uses
of the State’s water. The act requires the adoption of The SDWA, enacted in 1974 and significantly

water quality control plans by the State’s nineamended in t986 and 1996, directed the EPA to set

RWQCBs for areas within their r..egions. These plansnational standards for drinking water quality. It re-
are subject to the approval of the SWRCB, and ulti-,qnired the EPA to set maximum contaminant levels
mately the federal EPA. The plans are to be reviewedfor a wide variety of constituents. Local water suppli-

ers are required to monitor their water supplies to assureand updated.
that regulatory standards are not exceeded.The primary method of implementing the plans

is. to require each discharger of waste that could im- The 1986 amendments set atimetable for the EPA
to establish standards for specific contaminants andpact the waters of the State to meet formal waste

discharge requirements. Awone discharging waste or increased the range of contaminants local water sup-
pliers were required to monitor to includeproposing to discharge waste into the State’s waters

must £de a"report of waste discharge" with the regional contaminants that did not yet have an MCL estab-
lished. The amendments included a wellheadwater quality control board within whose jurisdiction

the discharge lies. Dischargers are subject to a wide protection program, a grant program for designating
sole-source aquifers for special protection, and grantvariety of administrative, civil, and criminal actions

for failing to £ile a report. After the report is flied, the programs and iechnical and financial assistance to small
systems and states.regional board may issue waste discharge requirements

that set conditions on the discharge. The waste dis- The 19.96 amendments added a provision requir-
ing states to create their own revolving fluids in ordercharge requirements must be consistent with the water ,
to be eligible to receive federal matching fimds for loansquality control plan for the body of water and protect

the beneficial uses of the receiving waters. The regionaland grants to public water systems. More details of the

boards also implement Section 402 of the federal Clean1996 amendments are described in Chapter 2.

Water Act, which allows the State to issue a single dis-Cali~brnla Saf~ Drinking Water Act
charge permit for the purposes of both State and federal
law. : In 1976, California enacted its own Safe Drink-

ing Water Act, requiring the Department of Health
Clean WaterA~t~NationalPollutantDis~harg~ Services to regulate drinking water, including: setting
Elimination System and enforcing federal and State drinking water stan~

Section 402 of the Clean Water Act established adards; administering water quality testing programs;
permit system known as the National Pollutant Dis-and administering permits for public water system
charge Himination System to regulate point sourcesoperations. The federal Safe Drinking.Water Act al-
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lows the State to enforce its own standards in lieu ofwell as for the Delta, requiring the Department and
the federal standards so long as they are at least as pro-USBR to develop a plan for the marsh that would en-
tective as the federal standards. Significant amendmentssure meeting long-term standards.
to the California act in 1989 incorporated the new Recognizing that the complexities of project op-
federal safe drinking water act requirements into Call-erations and water quality conditions would change
fornia law, gave DHS discretion to set more stringentover time, the SWRCB also specified that the Delta
MCLs, and recommended public health levels for con-water right hearings would be reopened within ten years
taminants. DHS was authorized to consider theof the date of adoption ofD-1485, depending upon
technical and economic feasibility of reducing contami-changing conditions in the Bay-Delta region and the
nants in setting MCLs. The standards established byavailability of new evidence on beneficial uses ofwa-
DHS are found in the California Code of Regulations,ter.
Tide 22.

Racanelll Deelsion

Historical Background--Bay-Delta Lawsuits by various interests challenged D-1485
Regulatory Actions and the decision was overturned by the trial court in

The SWRCB issued the ~rst water rights permits1984. Unlike its predecessor, D-1379, whose standards

to the USBR for operation of the CVP in 1958, andhad been judicially stayed, D-1485 remained in el-

to the Department for operation of the SWP in 1967.fect. In 1986, the appellate court in the Racanelli

In these and all succeeding permits issued for the CVPDecision (named after Judge Racanelli who wrote the

and S~’P, the SWRCB reserved jurisdiction to refor-opinion) broadly interpreted the SWRCB’s authority

mulate or revise terms and conditions relative to salinityand obligation to establish water quality objectives, and

control, effect on vested rights, and- fish and wildlifeits authority to set water rights permit terms and con-

protection in the Delta. SWRCB has a dual role ofditions that provide reasonable protection of beneficial

issuing both water rights permits and regulating wateruses of Delta water.

quality. The court stated that SWRCB needed t° separate
its water quality planning and water rights functions.

Dee£4on 1485 ’ SWRCB needs to maintain a "global perspective" in
In 1976, SWRCB initiated proceedings leadingidentifying beneficial uses to be protected (not lim-

to the adoption ofD-1485 in 1978. D-1485 set forthited to water rights) and in allocating responsibility
conditions--including water quality standards, exportfor implementing water quality objectives (not just to
limitations, and minimum flow rates~for SWP andthe SWP and CVR, nor only through the SWRCB’s
CVP operations in the Delta and superseded all previ-own water rights processes). The court recognized the
ous water rights decisions for the SWP and CVPSWRCB’s authority to look to all water rights holders
operations in the Delta. Among beneficial uses to beto implement water quality standards and advised
protected by the decision were: municipal and indus-SWRCB to consider the effects of all Delta and up-
trial water supply, agriculture, and fish and wildlife, stream water users in setting and implementing water

In formulating D-1485, the SWRCB asserted thatquality st.andkrds in the Delta, as well as those of the
Ddtawater quality should be at least as good as it wouldSWP and the CVE
have been ifthe SWP and CVP had not been constructed.
In other words, both the SW1~ and the CVP were to beSWRCB Bay-Delta Proceedings

operated to meet "without project"conditions. D-1485 Hearings to adopt a water quality control plan and
standards included different levels of protection to re-water rights decision for the Bay-Delta estuary began
flect variations in hydrologic conditions during differentin July 1987. Their purpose was to develop a Bay-Delta
types of water years, water quality control plan and to consider public in-

To help implement these water quality standards,terest issues related to Deka water rights, including
D-1485 mandated an extensive monitoring program,implementation ofwater’quality objectives. During the
It also called for special studies to provide critical datafirst phase of the proceedings, testimony was heard on
about major concerns in the Delta and Suisun Marshissues pertaining to the reasonable and beneficial uses
for which information was insufficient. D-1485 in- of the estuary;s water. The second phase of the Bay-
duded water quality standards for Suisun Marsh, asDelta hearings was to come up with a water quality

.
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control plan. SWRCB adopted a final plan in Mayimpacts ~re identified and appropriate mitigation mea-
t991. The federal EPA rejected thisplan in Septem-sures fotmd. In recognition ofthe fact that direct losses
bet 1991, setting the stage for preparation of federaltoday would probably be greater if fish populations
water quality standards for the Bay-Delta. had not been depleted by past operations, the DepartL

With the adoption of the water quality controlment also provided $15 million for a program to
plan, the SWRCB began the EIR scoping phase andincrease the probability of quickly demonstrated re-
held several workshops during i991 to receive tesd-suits. In 1996, the Department and DFG agreed to
mony regarding planning activities, facilitiesextend the period for expending the remainder of the
development, negotiated settlements, and flow objec-$15 million to the year 2001.
tives. Following negotiation of the agreement for Banks

Concurrendy, under the broad authority of thePumping Plant, DFG negotiated a similar agreement
ESA, the federal regulatory process was proceedingwith USBR for its CVP TracT Pumping Plant.
toward development of Delta standards and upstream
measures applicable to the CVP and SWP for the pro-
tection of the threatened winter-run chinook salmon.Surface Water Management

In February 1993, the NMFS issued a long-term bio- The following sections are brief descriptions of
logical opinion governing operations of the CVP andmajor statutes affecting surface water management in
SWP with Delta environmental regulations that, inCalifornia.
certain months, were more restrictive than SWRCB’S
proposed measures. In March 1993, the USFWS listedCI/P!A . -

the Delta smelt as a threatened species and shordyThe Central Valley Project ImprovementAct (Tide
thereafter indicated that further .restrictions of CVP34 of PL 102-575) made significant changes to the
and SWP operations would be required. In DecemberCVP’s legislative authorization, amending the project’s
1993, EPA announced its proposed standards for thepurposes to place fish and wildlife mitigation and res-
estuary in place of the SWRCB water quality stan-rotation on a par with water supply, and to place fish
dards that EPA had rejected in 1991~ In addition,and wildlife enhancement on a par with power gen-
USFWS proposed to list the Sacramento splittail as aeration. Major provisions of the act are summarized
threatened species, and NMFS announced its decisionbelow.
to change the stares of winter-run salmon from threat-The act prohibits execution of new CVP water
ened to endangered, supply contracts for purposes other than fish and wild-

The impending regulatory gridlock lead to thelife (with a few limited exceptions) until all
negotiation and signing of the June 1994 Frameworkenvironmental restoration actions specified in the act
Agreement for theBay-Delta estuary. The Frameworkhave been completed. Existing long-term water sup-
Agreement ~and subsequent Bay-Delta activities areply contracts are to be renewed for a 25-year term,
described in Chapter 2. with the possibiiity of subsequent 25-year renewals

To mitigate fish losses at Delta export facilities,thereafter. Only interim contract renewals are allowed
the Department and USBR have entered into agree-until the pi~ogrammatic EIS required by the act is com-
ments with DFG. As part of the environmental reviewpleted. Renewed contracts are to incorporate CVPIf!2s
process for installing four additional’pumps at SWP’snew requirements, such as restoration fund payments.
Banks Pumping Plant in the Delta in 1992, DFG andThe act allows transfers of project water to users
the Department negotiated an agreement to preserveoutside of the CVP service area, under numerous speci-
fish potentially affected by the operation of the pumps,fled conditions. The conditions include a right of first
This agreement, signed by the two. departments inrefusal to a proposed transfer by existing CVP water
1986, identifies the steps needed to offset adverse ira-users (under the same terms and conditions specified
pactsof the Banks Pumping Plant on fisheries. It setsin the proposed transfer), and a requirement that pro-
up a procedure to calculate direct fishery losses annu-posed transfers of more than 20 percent of a contracting
ally and requires the Department to pay for mitigationagency’s project water supply be subject to review and
projects that would offset the losses. Losses of stripedapproval by the contracting agency.
bass, chinook salmon, and steeLhead are to be miti-The act requires DOI to develop water conserva-
gated first. Mitigation of other species is to follow a~tion criteria, and to review conservation plans
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submitted by contracting agencies pursuant to Recla-identified in a Central Valley Habitat Joint Venture
marion Reform Act requirements for conformance toreport. DOI is also directed to prepare, .by October
the CVPIA criteria. Tiered pricing is to be included in1995, a programmatic EIS analyzing impacts of CVHA
CVP water supply contracts when they are renewed,implementation.
Project water supply and repayment contractors’ sur- The act authorizes DOI to carry out a land retire-
face water delivery systems are to be equipped withment program, and specifies categories of land that
water measurement devices, may be acquired. San Joaquin Valley drainage-impaired

The act directs DOI to develop a program, bylands are among the authorized categories.
October 1995, to make all reasonable efforts to double, The act establishes a CVPIA restoration fund
by 2002, natural production (based on 1967-91 fish-within the federal treasury, and directs DOI to collect
ery population levels) of specified anadromous fish inmitigation and restoration payments from project wa-
the Central Valley, and to implement that program,ter and power users. DOI is authorized to use
(A portion of the San Joaquin River is exempted fromappropriations from the fund to carry out the envi~
this provision.) The act dedicates 800 taf/yr of CVPronrnental restoration measures required by the act.
yield to fish and wildlife purposes, and authorizes DOIPayments are capped at $6/af for agricultural water
to acquire supplemental water for meeting the fish dou-contractors and $12/af (1992 dollars) for municipal
bling goal. The act further requires that DOI provideand industrial water contractors, but the caps aresub-
an annual Trinity River instream flow of at least 340ject to adjustment for inflation. (An additional
~ through 1996, via releases from Lewiston Dam,restoration paymen~ is assessed against contractors in
with subsequent instream flow requirements to be de-the Friant Division, in lieu. of requiring Friant Dam
retrained by a USFWS instream flow study, releases for instream flows in the San Joaquin River

The act requires DOI to provide, from CVP sup- between Gravelly Ford and the Mendota Pool.)
plies, firm water supplies (i.e., deliver water
corresponding to existing non-firm supplies such asRegional andloeal Water Agenq Formation

agricultural drainage) to specified federal, State, and In general, there are two methods in California
private wildlife refuges in the Sacramento and Sanfor forming special districts which develop, control,

¯ Joaquin Valleys. DOI is to acquire, from willing sell-or distribute water: enactment of a general act under
ers, an additional increment of water supply for thewhich the districts may be formed as set forth in the
wildlife areas, corresponding to their full habitat de-act, and enactment of a special act creating the district
velopment needs. All of the supplemental water needs,and prescribing its powers. There are more than 40
are to be met by 2002. different statutes under which local agencies may be

The act requires DOI to implement numerousso organized. In addition, there are a number of spe-
specified environmental restoration actions, such ascial act districts, such as the Metropolitan Water
constructing a temperature control device at ShastaDistrict of Souther.n California. The Department’s
Dam, remedying fish passage problems at Red BluffBulletin 155-94, General Comparison of Water District
Diversion Dam, replenishing spawning gravel, andActs (March 1994), presents a comparison of various
assisting in screening non-federal diversions. Costs of
some of these restoration actions are allocated in part In addition to public agencies, there are other en-
to the State of California. DOI is required to entertitles that may provide water supply..Mutual water
into a cost-sharing agreement with California for thecompanies, for example, are private corporations that
.environmental restoration actions whose costs are al-perform water supply and distribution functions similar
located in part to California. to public water districts. Investor-owned utilities may

The act requires DOI to prepare specified reportsalso be involved in water supply activities, sometimes
and studies, to implement a Central Valley fish andas an adjunct of hydroelectric power development.
wildlife monitoring program, and to develop ecosys-
tem and water operations models. Examples of reports
to be prepared include a least-cost plan to replace the
800 taf/yr of project yield dedicated to environmental Article X, Section 2 of the California Constitu-
purposes, and an evaluation of Water supply and de-tion prohibits, the waste, unreasonable use,
ve!opment requirements for 120,000 acres ofwedandsunreasonable method of use, or unreasonable method



,"~, of diversion of water. It also declares that the conser-a finding that such an ordinance is unnecessary due to
~ ration and use of water "shall be exercised with a viewclimatic, geological, or topographic conditions, or
;~,,~ to the reasonable and beneficial use thereof in the publicwater availability. If a city or county failed to adopt a

interest and for the public welfare." Although provi-water efficient landscape ordinance or make findings
!:">~ ’~..:~., sions and requirements of the Constitution are selfby January 31, 1993, the model ordinance became ef-

~,i!::,’%?, executing, the Constitution states that the Legislaturefective in that jurisdiction.
...... may enact statutes to advance its polic~ Water Code
.~ AgrlcuItural Water Management~’.:’.4~~ Section 275 directs the Department and SWRCB to

PlanningAet~.zL, J "take all appropriate proceedings or actions before ex-
.,,!~!~:~ ecutive, legislative, or judicial agencies to prevent waste Under this act, agricultural water suppliers sup-

~,.~: or unreasonable use ofwater," SWRCB’s Water Rightplying more than 50 tafofwater annually were required
d~:!~~;~ Decision 1600, directing the Imperial Irrigation Dis- submit a~:~:~’ to report to the Department indicating

(_~:~!
trict to adopt a water conservation plan, is an examplewhether a significant opportunity exists to conserve

-~’ of an action brought under Article X, Section 2.water or reduce the quantity of highly saline or toxic
,.:~i.~"- SWRCB’s author@to order preparation of such a plandrainage water through improved irrigation water

was upheld in 1990 by the courts in Imperial Zrriga-management. The act provided that agricultural water

~:o,:.~...... Hon District v. State Water Resources Control Board. suppliers who indicated that they had an opportunity

l~
to conserve water or reduce the quantity of highly sa-

~, Urban Water Management PlannlngAet line or toxic water should prepare a water management
.~ Since 1983, this act has required urban water sup-plan and submit it to the Department. The Depart-

~ pliers that serve more than 3,000 customers or moremerit was required to review the plans and submit a
~.~,; than 3,000 af/yr to prepare and_ adopt urban waterreport to the Legislature by January 1993.

conservation plans. The act authorizes the supplier to    Agricultural Water Suppliers Ef~cient!i.i17} i~ implement the water conservation program. The plans(i~[:7:~
must contain several specified elements, including es-Management Practi~es Act

"~-" timates of water use, identification of existing TheAgticulturalWaterSuppliersEff~cientManage~

i~:;!:~ conservation measures, identification of alternativement Practices Act, adopted in 1990, required that the
~’*" conservation measures, a schedule of implementationDepartment establish an advisory committee to review
"’ ’ of actions proposed by the plan, and identification ofefficient agticultural water management practices. Un-
~ .-~ the frequency and magnitude of water shortages. Inder the act, the Department was required to offer
’,’:~" 1991, the act was amended in response to the droughtassistance to agricultural water suppliers seeking to im-
,.~i.!’%. to require water suppliers to estimate water suppliesprove the efficiency of their water management practices.
k’.i~:, available at the end of one, two, and three years, andThe committee developed a Memoranduifi of Under-

~:, to develop contingency plans for severe shortages.Thestanding to imple, ment the practices, and to establish an
act also requires-water suppliers to review and updateAgricultural Water Management Council. The advisory

’.~. their plans at least once every five years, committee adopted the MOU in October 1996. The

~,~ MOU was"declared in effect in May 1997 after 15 agri-
~’~ Water Conservation in Landscaping Act cultural water suppliers, representing 2 million irrigated

~
The Water Conservation in Landscaping Act re-acres, had signed. The Council was established and held

...."" quired the Department, with the assistance of anits first meeting in July 1997.
<:!’~.~’~ advisory task force, to adopt a model water-efficient

Agricultural Water Conservation and.":~
landscape ordinance. The model ordinance was

"’~ Management Aet of 1992~,’~"÷’:’ adopted in August 1992, and has been codified in Tide
~;,-,, 23 of the California Code of Regulations. It establishes This act gives any public agency that supplies wa-

~ methods of conserving water through water budget-ter for agricultural use authority to institute water
(,@:,.,’~..,’. ing plans, plant use, efficient irrigation, and auditing,conservation or efficient management programs. The

Cities and counties were required to review theprograms can include irrigation management services,
,’~",", ;~ model ordinance and adopt a water-efficient landscapeproviding information about crop water use, provid-

~)~ ordinance by January 1, 1993, if they had not done soing irrigation consulting services, improving the
already, Alternatively, cities and counties could mak~supplier’s delivery system, providing technical arid fi-
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nancial assistance to .farmers, encouraging conserva-                                                              ~
tion through pricing of water, and monitoring.

Water Re~yding A~t of 1991                                                                     ~

This act describes the environmental benefits and                                                           ~
public safety of using recycled water as a reliable and
cost-effective method of helping to meet California’s                                                              ~
water supply needs. It sets a statewide goal~ to recycle                                                              ~.~
700 taf/yr by the year 2000 and 1 maf/yr by 2010.

(3-0~3~,~,~
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Water Supplies

T
his chapter reviews existing water supplies and updates information presented

in Bulletin 160-93. Beginning with a brief overview of California’s climate

and hydrology, this chapter describes how water supplies are calculated and

summarized within a water budget framework. A description of California’s existing

supplies--surface water, groundwater, recycled water, and desalted water--and how

a portion of these supplies are reallocated through water marketing follows. Chapter 3

concludes with a review of water quality considerations that influence how the State’s water

supplies are used.

Climate and Hydrology

Much of California enjoys a Mediterranean-like climate with cool, wet winters and warm,

dry summers. An atmospheric high pressure belt results in fair weather for much of the year

with little precipitation during the summer. The high pressure belt shifts southward during

the winter, placing the State under the influence of Pacific storms, bringing rain and snow.

Most of California’s moisture originates in the Pacific Ocean. As moisture-laden air moves

over mountain barriers such as the Sierra Nevada, the air is lifted and cooled, dropping rain

The SWP’s or snow on the western slopes. This mountain-induced (orographic) pre-
California

Aqueduct is the cipitation is very important for the State’s water suppl.)[..

only conveyance Average annual statewide precipitation is about 23 inches, correspond-
facility that
moves water ing to a volume of nearly 200 maf over California’s land surface. About 65

from the percent of this precipitation is consumed through evaporation and transpira-
Central Valley

to Southern tion by trees and other plants. The remaining 35 percent comprises the State’s

California.
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The Colorado River Region is California’s driest regiom the
North Coast Region is its wettest.

average annual runoffofabout 71 m~ Less than half
this runoff is depleted by urban or agricultural use.
Most of it maintains ecosystems in California’s rivers,
estuaries, and wetlands. Available surface water supply
totals 78 mafwhen out-of-state supplies from the Colo-
rado and Klamath Rivers are added.

Distribution of the State’s water supplies varies
geographically and seasonall~ Water supplies also vary
climatically through cycles of drought and flood.

Geographic Variability

Uneven distribution of water resources is part of
the State’s geography. More than 70 percent of
California’s 71 mar average annual runoff occurs in
the northern part of the State; the North Coast Re-
gion accounts for 40 percent and the Sacramento
River Region accounts for 32 percent. Figure 3-1
shows average annual rainfall and runoffin Califor-
nia by hydrologic region. About 75 percent of the
State’s urban and agricultural demands for water are
south of Sacramento. The largest urban water use is in
the South Coast Region where roughly half of
California’s population resides. The largest agricultural
water use is in the San Joaquin River and Tulare Lake

[] WATER SUPPLIES 3-2
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FIGURE 3-1
Distribution of Average Annual Precipitation and Runoff

7.9

San Joaquin
River

. 13,9

Central ,
Coast

~ ~.-
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FIGURE 3-2
Regional Imports and Exports

1995 Level of Development (ta39

~gic Regions :

NC North Coast
SF San Francisco Bay
CC Central Coast
SC South Coast
SR Sacramento River
SJ San Joaquin River
TL Tulare Lake ~ Exports from the Delta are taken from commingled waters
NL North Lahontan originating in both the Sacramento and San Joaquin River Regions.
SL South Lahontan

I, Exchange

CR Colorado River : Deliveries did not begin until 1997.

C--093961
(3-093961



The California Water Plan Update BULLETIN 160-98

Spring snowmelt hdps fill Sirra N~vada reservoirs. Every year, snowpaek depth and water content are measured at selected sites
throughout the Sierra as part of a cooperative snow surveys program. This information is used to forecast spring runoff,
allowing reservoir operators to plan for the eomlng year.

regions. Fertile soils, a long, dry growing season, anddemands are highest during the summer and lowest dur-
water availability have combined to make these regionsing the winter, the inverse of statewide rainfall patterns.
among the most agriculturally productive in the world.Figure 3-3 compares average monthly precipitation in the
Wild and scenic river flows in the North Coast Re-Sacramento River region with precipitation during
gion provide the largest environmental water use. State-extremely wet (1982-83) and dry (1923-24) years.
wide water use is described in Chapter 4.

In response to the uneven geographic distribution FzGoI~ 3-3
of California’s water resources, facilities have beenNorthern Sierra Eight Station Precipitation Index
constructed to convey water from one watershed or
hydrologic region to another. Figure 3-2 shows larger~ 20. ~ 1982-83
exports and imports among the State’s hydrologic regions.-~ m Average

~ ~1 1923-24

Seasonal Variability -~ lS- The eight stations are:
~: Mr. Shasta City

On average, 75 percent of the State’s average,~ Shasta Dam
~ Brush Creekannual precipitation of 23 inches falls between~

10" MineralNovember and March, with half of it occurring=

~|~

Quincy
between December and February. A shortfall of a few.2 Sierraville

Blue Canyonmajor storms during the winter usually results in a dry2 Pacific Houseyear; conversely, a few extra storms or an extended~ s.
stormy period usually produces a wet year. An unusually~

persistent Pacific high pressure zone over California"~
during December through February predisposes the~ o- t at.__ k ~l. ~
year toward a dry year. Urban and agricultural water oct Nov Dec Jan Feb Mar Apt May Inn lul Aug Sep
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FIGURE 3-4

Sacramento Four Rivers Unimpared Runoff

The WR 95-6year ~ypes are: ~

~ Wet ~ Above Normal ~ Dry ~ Critical

The Sacramento Four Rivers are:
Sacramento River above Bend Bridge, near Red BluE

40" Feather River inflow to Oroville; Yuba River at Smartville; American River inflow to Folsom

30"

Runoff
17.9

Climatt¥ Variability unimpaired runoff from the Sacramento and San
California’s water development has generally been]oaquin River basins to illustrate climatic variability.

dictated by extremes of droughts and floods. TheBecause these basins provide much of the State’s water
six-year drought of 1929-34 established the criteriasupply, their hydrologies are often used as indices of
commonly used to plan storage capacity or water yieldwater year classification systems (see sidebar, page 3-8).
of large Northern California reservoirs. Droughts of RecentRecor~L Numerous multi-year

The influence of climatic variability on California’s~ droughts have occurred in California this century:
water supplies is much less predictable than the influences1912-13, 1918-20, 1922-24, 1929-34, 1947-50,
of geographic and seasonal variabilit~ as evidenced by1959-61, 1976-77, and 1987-92. In order to provide
the recent historical record of precipitation andwater supply reliabilit~ major reservoirs are designed to
runoff. For example, the State’s average annual runoffmaintain and deliver carryover storage through several
of 71 mafindudes the all-time low of 15 mafin 1977years of drought. The 1929-34 drought established the
and the all-time high (exceeding 135 maf) in 1983.criteria commonly used to design the storage capacity
Floods and droughts occur often, sometimes in theand wateryield of large Northern California reservoirs.
same year. The January 1997 flood was followed by aMany reservoirs built since this drought were sized to
record-setting dry period from February through Junemaintain a reliable level of deliveries should a repeat of
and the flooding of 1986 was followed by six years ofthe 1929-34 hydrology occur. Even a single critical run-
drought (1987-92). offyear such as 1977 can be devastating to water users

Figures 3-4 and 3-5 show the estimated annualwith limited storage reserves, who are more dependent

[] WATER SUPPLIES 3-6
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FIGURE 3-5
San Joaquin Four Rivers Unimpaired Runoff

The WR 95-6year ~ypes are:

~ Wet ~ Above Normal ~ Below Normal ~ Dry ~ Critical

The San Joaquin Four Rivers are:
Stanislaus River inflow to New Melones, Tuolumne ~’ver inflow to New Don Pedro,

15’ Merced River inflow to New Exchequer, San Joaquin River inflow to Millerton

Runoff
5.9

1910 1920 1930 1940 1950 1960 1970 1980 1990

on annual runoff. Table 3-1 compares the severityage of use, resulting in declining groundwater levels in
of recent droughts with the 1929-34 drought in themany areas. For example, during the first five years of
Sacramento Valley and San Joaquin Valley. the 1987-92 drought, groundwater extractions ex-

Groundwater supplies about 30 percent ofceeded groundwater recharge by 11 maf in the San
California’s urban and agricultural applied water use.Joaquin Valley. Drawing down groundwater reserves
In drought years when surface water supplies are re-in drought years is analogous to reservoir carryover stor-
duced, groundwater supports an even greater percent-age operations.

TABLE 3-1

Severity of Extreme Droughts in the
Sacramento and San Joaquin Valleys

Drought Sacramento Valley Runoff San Joaquin Valley Runoff
Period (maflyr) (% Average (maf/yr) (% Average

1906-96) 1901-96)

1929-34 9.8 55 3.3 57
1976-77 6.6 37 1.5 26
1987-92 10.0 56 2.8 47

3-7 WATEI~. SUPPLIES []
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An Example of Water Year Classifications
Water year classification systems provide a means to assessyear’s October-March unimpaired runoff forecast (20

the amount of water originating in a basin. Because waterpercent), and the previous water year’s index (20 percent). A
year classification systems are useful in water planning andcap of 4.5 malls placed on the previous year’s index to account
management, they have been developed for several hydrologicfor required flood control reservoir releases during wet years.
basins in California. The Sacramento Valley 40-30-30 IndexSan Joaquin Valley unimpaired runoff is defined as the sum
and the San Joaquin Valley 60-20-20 Index were developedof inflows to New Melones Reservoir (from the Stanislaus
by SWRCB for the Sacramento and San Joaquin RiverRiver), Don Pedro Reservoir (from theTuolumne River), New
hydrologic basins as part of SWRCB’s Bay-Delta regulatoryExchequer Reservoir (from the Merced River), and Millerton
activities. Both systems define one "wet" classification, two Lake (from the San Joaquin River). A water year with a
"normal" classifications (above and below normal), and two60-20-20 index equal to or greater than 3.8 mafis classified
"dry" classifications (dry and critical), for a total of five water as "wet." A water year with an index equal to or less than 2.1
year types, mar is classified as "critical."

The Sacramento Valley 40-30-30 Index is computed as aAlthough not used to classify water years, the Eight River
weighted average of the current water year’s April-JulyIndex is another important water supply index employed
unimpaired runoff forecast (40 percent), the current waterin Order WR 95-6. The Eight River Index, defined as the
year’s October-March unimpaired runoff forecast (30sum of the unimpaired runoff from the four Sacramento
percent), and the previous water year’s index (30 percen0. AValley Index rivers and the four San Joaquin Valley Index
cap of 10 mar is put on the previous year’s index to accountrivers, is used to define Delta outflow requirements and
for required flood control reservoir releases during wet years,export restrictions. Key index months for triggering Delta
Unimpaired runoff (calculated in the 40-30-30 Index as therequirements are December, January, and Februar~ Figure
sum of Sacramento River flow above Bend Bridge near Red3-6 shows the Eight River Index computed for January from
Bluff, Feather River inflow to Oroville, Yuba River flow at1906-96.
Smartville, and American River inflow to Folsom) is the river Existing water year classification systems have been useful
production unaltered by water diversions, storage, exports,in planning and managing water supplies; however, they have
or imports. A water year with a 40-30-30 index equal to oralso shown shortcomings during unusual hydrologic periods.
greater than 9.2 maf is classified as "wet." A water year withThe 1997 water year is one such example. Because of wet
an index equal to or less than 5.4 mafis classified as "critical."antecedent conditions and unusually high precipitation runoff
Unimpaired runofffrom the Sacramento Valley, often referredin December and January, the water year was classified as
to as the Sacramento River Index or the Four River Index,’‘wet" in spite of a string of dry months that followed this
was the dominant water supply index used in SWRCB’s 1978unusually wet period. Water project operators were compelled
Delta Plan and in D-1485. The SRI, while still used into meet stringent instream flow and Delta requirements
SWRCB’s Order WR 95-6 as a water supply index, is noduring the subsequent dry months to comply with the ’‘wet"
longer employed to classify water years. By considering waterwater year classification. Compliance was met through
availability from storage facilities as well as from seasonalreservoir storage releases, as spring and summer runoff was
runoff, the 40-30-30 Index provides a more representativesignificandy lower than is typical in wet years. Reservoir levels
characterization of water year types than does the SRI. benefitted only marginally from the wet December and

The San Joaquin Valley 60-20-20 Index is computed as aJanuary, as flood control criteria limited the amount of water
weighted average of the current water year’s April-Julythat could be stored.
unimpaired runoff forecast (60 percen0, the current water

FIGURE 3-6

~ 12 Eight River Index Computed for January 1906-1996

~ The Eight Rivers are:
~ 10 Sacramento, Feather, Yuba, American, Stanislaus,

"~ Tuolumne, Merced and San Joaquin

2
 ,11 hl,I

1910 1920 1930 19"40 19"50 19~0 19"70 19"80 1990
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The Sacramento metropolitan area has one of the lowest flood proteetlon levels in the nation, for a eommunlty of lts size.
Without interim reoperation of Folsom Dam, the eommunlty is estimated to have only a 1-in-6O year level of proteetlon. (W~th
reoperation, the level of protection is 1-in-77 years). Th~s photo shows the American River in January 1997, and the high-density
urban d~velopm~nt adjacent to the levee.

Floods of Recent Record. Wet water years are not through the study of tree rings. By properly selecting
necessarily indicative of flood conditions. Althoughtrees, data on the thickness of annual growth rings can
water year 1983 was the wettest in California thisbe used to infer the wetness of the season. A 420-year
century, major flooding did not occur then. Table 3-2reconstruction of Sacramento River runoff data from
shows estimated unimpaired runoff from a few of thetree ring data was made for the Department in 1986
State’s larger floods since the 1950s. In January 1997,by the Laboratory for Tree Ring Research at the
California confronted one of the largest and mostUniversity of Arizona. The tree ring data suggested that
extensive flood disasters in its history. Rivers acrossthe 1929-34 drought was the most severe in the 420-
the State from the Oregon border to the southernyear reconstructed record from 1560 to 1980. The data
Sierra reached flood stages. Flood volumes of somealso suggested that a few droughts prior to 1900 ex-
rivers exceeded channel capacities by as much as 700ceeded three years, and none lasted over six years, ex-
percent. In many major river systems, flood controlcept for one eight-year period of less than average run-
dams reduced peak flows by one-half or more. Evenofffrom 1839-46. John Bidwell, an early pioneer who
so, leveed flood control systems were overwhelmed inarrived in California in 1841, confirmed that 1841,
some areas. Flood damage costs are nearing $2 billion.1843, and 1844 were extremely dry years in the Sacra-

Pre-Nineteenth Century Cllmatic Varlabili~y. mento area. Similar tree ring studies, covering the pe-
Precipitation and runoff records for some locations inriod between 1550 and 1977, were also conducted for
California date back to the mid to late 1800s. Data forthe Colorado and SantaYnez Rivers. According to these
many other areas are sparse into the early 1900s. Thesestudies, the most severe drought on the Colorado River
data provide only a glimpse of the range of variabilityoccurred during 1580-1600, while the most severe
that has occurred. One approach to supplementing thedrought on the SantaYnez River occurred during 1621-
existing climate record is to statistically reconstruct data37. Below average periods, very long wet periods, and
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TABLE 3-2

Major Floods Since the 1950s

Unimpaired Runoff

River Loea~’on Date Max 1-Day (ej~) 3-day Volume (taJ)

Sacramento Shasta Dam Jan 1974 196,000 779
Feb 1986 126,000 681
Jan 1997 216,000 1,000

Feather ,Oroville Dam Dec 1964 179,000 984
Feb 1986 217,000 1,113
Jan 1997 298,000 1,392

Yuba Marysville Dec 1964 144,000 703
Feb 1986 142,000 729
Jan 1997 161,000 736

American Folsom Dam Dec 1964 183,000 835
Feb 1986 171,000 988
Jan 1997 249,000 977

Mokeiumne Camanche Dam Dec 1964 36,000 171
Feb 1986 28,000 149
Jan 1997 76,000 233

Stanislaus New Melones Dam Dec 1964 44,000 198
Feb 1986 40,000 246
Jan 1997 73,000 298

Tuolumne New Don Pedro Dam Dec 1964 73,000 306
Feb 1986 53,000 294
Jan 1997 120,000 548

Merced New Exchequer Dam Dec 1964 33,000 136
Feb 1986 30,000 164
Jan 1997 67,000 262

San Joaquin Friant Dam Feb 1986 33,000 176
Mar 1995 39,000 156
Jan 1997 77,000 313

Truckee Reno Oct 1963 25,000 79
Feb 1986 22,000 112
Jan 1997 37,000 148

Cosumnes Michigan Bar Dec 1964 29,000 115
Feb 1986 34,000 196
Jan 1997 60,000 N/A

Eel Scotia Dec 1964 648,000 2,936
Feb 1986 304,000 1,515

Santa Ynez Lompoca Jan 1969 38,000 175

Salinas Sprecklesa Feb 1969 65,000 252
Mar 1983 60,000 314
Mar 1995 64,000 241

Santa Clara Saticoy Feb 1969 92,000 270
a Impaired flows
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short severe drought periods were also reconstructedlast century, with a surge of warming prior to 1940
in the studies. (which cannot be attributed to greenhouse gases) and

A 1994 study of relict tree stumps rooted ina more recent rise during the 1980s. The extent to
present-day lakes, rivers, and marshes suggested thatwhich this latest rise is real or an artifact of instrument
California sustained two "epic drought" periods,location (heat island effect of growing cities) or a
extending over more than three centuries. The first epictemporary anomaly is debated among climatologists.
drought lasted more than two centuries before the yearFor now, most projections of climate change are derived
1112; the second drought lasted more than 140 yearsfrom computer simulation studies and generally indicate a
before 1350. In this study, the researcher used drownedglobal average temperature rise of about 2 to 5°C over the
tree stumps rooted in Mono Lake, Tenaya Lake, Westnext century, for a doubling of carbon dioxide content
Walker River, and Osgood Swamp in the centralin the atmosphere. Figures for regional changes are less
Sierra. One conclusion that can be drawn from thisdependable because of regional weather influences not
study is that California is subject to droughts far moreaccounted for in the global models.
severe and far more prolonged than anything witnessed For California, if global warming occurs, the most
in the last 150 years of weather recording, likely impact would be a shift in runoff patterns.

Future Climate Change. Much concern has been Warmer temperatures would mean higher snow levels
expressed about possible future climate change causedduring winter storms, more winter runoff, and less
by burning fossil fuel and other modern humancarryover storage into late springand summer (assuming
activities that increase carbon dioxide and other traceprecipitation remains the same). There would be some
greenhouse gases in the atmosphere. World weatherloss in water supply yield if the shift in snowmelt
records indicate an overall warming trend during therunoff occurs.

When the climate was drier in the past, trees were growing in areas now submerged by alpine lakes such as Lake Tenaya. Da~’ng
these submerged stumps by radloearbon and other teehnlques provides information about the dates and durations
of previous drought perlods.
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Water Supply Calculation about 200 maf of total water supply in average years.
Of this renewable supply; about 65 percent is depleted

Bulletin 160-98 calculates existing water suppliesthrough evaporation and transpiration by trees and
and demands, then balances forecasted future demandother plants. This large volume of water (approxi-
against supplies and future water managementmately 130 maf) is excluded from the Bulletin’s wa-
~options. The balance, or water budget, with existingter supply and water use calculations. The remain-
supply is presented on a statewide basis in Chapter 6ing 35 percent stays in the State’s hydrologic sys-
and on a regional basis in Chapters 7-9. The watertem as runo~..
budget with future water management options is Over 30 percent of the State’s runoffis not explicitly
presented in Chapter 10. designated for urban, agricultural, or environmental uses.

The following section defines and classifies waterThis water is depleted from the State’s hydrologic
supplies, describes the method for calculating watersystem as outflow to the Pacific Ocean or other salt
supplies within the Bulletin 160 water budget frame-sinks. (Some of this non-designated runoffis captured
work, and quantifies statewide water supplies withby reservoirs, but is later released for flood control.)
existing facilities and programs. Two water supplySimilar to precipitation depletions by vegetation, non-
scenarios--an average year and a drought year--aredesignated runoff is excluded from the Bulletin 160
presented for abaseyear (1995) and a forecast year (2020)water supply and water use calculations.
to illustrate existing and future water supply reliability. The State’s remaining runoff is available as

Definition of Bulletln 160-98 renewable water supply for urban, agricultural, and

Water Supplies environmental uses in the Bulletin’s water budgets (Fig-
ure 3-7). In addition to this supply, water budgets in-

The Bulletin’s water budgets do not account for thedude supplies not generated by intrastate precipitation.
State’s entire water supply and use. In fact, less thanThese supplies include imports from the Colorado and
one-third of the State’s precipitation is quantified in theKlamath Rivers and new supplies generated by water
water budgets, recycling and desalting.

As discussed in the previous section on climate Classification of Water Supplies. Water supplies
and hydrology, precipitation provides California withare classified into three broad groups to .develop ~he

Key Water Supply and Water Use Definitions
Chapters 3 and 4 introduce California’s water supplies and [ Irrecoverable Losses: The amount of water lost to a salt

urban, agricultural and environmental water uses. Certainsink, lost by evapotranspiration, or lost by evaporation from
key concepts, defined below, provide a foundation fora conveyance facili~ drainage canal, or fringe area.
analyzing water supplies and water use. Evapotranspiration: ET is the amount of water transpired

Applied Water: The amount of water from any source (given off), retained in plant tissues, and evaporated from
needed to meet the demand of the user. It is the quantity ofplant tissues and surrounding s, oil surfaces.
water delivered to any of the foliowing locations: Evap.otranspiration ofApplied Water: ETAW is the portion
¯ The intake to a city water system or factory, of the total ET which is provided by applied irrigation water.
¯ The farm headgate or other point of measurement. Depletion:Theamountofwaterconsumedwithinaservice
¯ A managed wetland, either directly or by drainage flows,area that is no longer available as a source of supply. For

For instream use, applied water is the quantity of streamagricultural and certain environmental (i.e., wetlands) water
flow dedicated to instream use (or reserved under the federaluse, depletion is the sum of irrecoverable losses and the ETAW
or State wild and scenic rivers acts) or to maintaining flowdue to crops, wetland vegetation, and flooded water surfaces.
and water quality in the Bay-Delta pursuant to theSWRCB’sFor urban water use, depletion is the ETAW dtie tO
Order WR 95-6 .... landscaping and gardens, wastewater effluent that flows to a

Net Water:The amount of water needed in a water servicesalt sink, and incidental’ET losses. For environmental instream
area to meet all demands. It is the sum of evapotranspirationuse, depletion is the amount of dedicated flow tha~ proceeds
of applied water in an area, the irrecoverable losses from theto a salt sink.
distribution system, and agricultural return flow or treated
urban wastewater leaving the area.
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FIGURE 3-7
Disposition of California’s Average Annual Precipitation

Other
Runoff

Bulletin’s water budgets: surface water, groundwater,the first water plan update to exclude overdraft from
and recydled/desalted water. Surface waterthe base year groundwater supply estimate.)
includes developed supplies from the CVP, the SWP, The Bulletin 160 definition of water supply from
the Colorado River, other federal projects, and localrecycling and desalting does not include all water that is
proiects. Surface water also includes the supplies forreclaimed and reused, through treatment technologies.
required environmental flows. Required environmentalThe recycled/desalted classification is limited to supplies
flows are comprised of undeveloped supplies desig-that, if nbt recycled or desalted, would otherwise be
nated for wild and scenic rivers, supplies used fordepleted to a saline water body, such as the Pacific
instream flow requirements, and supplies used forOcean. This classification is limited to "new" supply
Bay-Delta water quality and outflow requirements,that was previously unavailable for downstream
(Bulletin 160-98 assumes Bay-Deltarequirements arereapplication. In California, this condition exists
in accordance with the SWRCB’s Order WR 95-6.) primarily in the Colorado River Region (which drains
Finally; Surface water includes supplies available forto the Salton Sea), parts of the coastal regions, and the
reapplication downstream. Urban wastewater discharges" westside of the San Joaquin Valley. In the Sacramento
and agricultural return flows, if beneficially used down-River, San Joaquin River, and Tulare Lake regions,
stream, are examples ofreapplied surface water, almost all urban wastewater becomes available down-

Groundwater includes developed subsurfacesuppliesstream for reapplication through river discharge or
and water reapplied through deep percolation. Bulletingroundwater percolation. In these regions, recycling
160-98 excludes long-term basin extractions in excessreduces applied water demand and provides water
of long-term basin inflows in its definition of ground-supply reliability and water quality benefits. However,
water supply. This long-term average annual differencerecycling in these regions does not generate a "new"

=

between extractions and recharge, defined in the Bulletinwater supply.
as overdraft, is not a sustainable source of water and is Applied Water Methodology. Bulletin 160-98
thus excluded from the base year and forecast yearwater supplies are computed using applied water data.
groundwater supply estimates. (In response to publicAs defined in the sidebar on page 3-12, applied water
comments on the Bulletin 160-93, Bulletin 160-98 isrefers to the amount of water from any source
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employed to meet the demand of the user. Previousexcept that agricultural water use is more efficient. In
editions of Bulletin 160 computed water suppliesaddition to providing another example of applied and
using net water data. Bulletin 160-98 switched from anet water methodologies, Figure 3-10 also illustrates that,
net water methodology to an applied water methodologyunless depletions are reduced, water conservation in an
in response to public comments on Bulletin 160-93.inland area does not generate new water.
Because applied water data are analogous to agency As suggested by Figures 3-8 through 3-10, reap-
water delivery data, water supply data based on anplication can be a significant source of water in many
applied water methodology are easier for local waterhydrologic regions of California. An applied water
agencies to review. Net water supply values are smallerbudget explicitly accounts for this source. However,
than applied water supply values because they excludebecause ofreapplication, applied water budgets do not
that portion of demand met by reapplication of surfacetranslate directly into the supply of water needed to
and groundwater supplies. Figures 3-8 through 3-10meet future demands. The approach used to compute
illustrate applied water and net water methodologiesthe new water needed to meet future demands with
for three different cases. Figure 3-8 shows how outflowapplied water budgets is presented in Chapter 6.
in an inland area can be reapplied downstream; Figure Normalized Data. Water budget data used to
3-9 shows how outflow to a salt sink cannot be reap-represent the base planning year do not necessarily
plied downstream. Figure 3-10 is similar to Figure 3-8match the historical conditions observed in 1995.

Over 30percent of the State’s runoff is not explisitly designatedj~r urban, agrienltura~ or environmental uses. This runoff flows
to the Pasifie Ocean or to inland drainage sinks.
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FIGURE 3~8
Illustration of Applied and Net Water Methodologies
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FIGURE 3-9
Illustration of Applied and Net Water Methodologies

Water Use in Coastal Area
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FIGURE 3-10
Illustration of Applied and Net Water Methodologies
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Instead, Bulletin 160-98’s base year applied water budget(i.e., ~he 2020 forecast year). Future year shortage
data are developed from "normalized" water supply,calculations implicitly rely on a comparison between
land use, and water use data. Through the normalizingfuture water use and existing water supply, as water
process, year-to-year fluctuations caused by weathersupplies do not change significantly (without imple-
and market abnormalities are removed from the data.mentation of new facilities and programs) over the
For example, water year 1998 would greatly underes-planning horizon. Therefore, the normalizing procedure
timate average annual water use, as rainfall throughis necessary to provide an appropriate future year
May and early June provided the necessary moistureshortage calculation. Normalizing also permits more
needed to meet crop and landscape water demands. Inthan one water supply condition to be evaluated for a
most years, much of California would require appliedgiven level of development. If historical data were used
water supplies during May and early June. to define the base year, only one specific hydrologic

On the supply side, normalized water projectcondition would be represented. (Historical data
delivery values are computed by averaging historicalfor 1995 would represent a wet year.) But through
delivery data. Normalized "average year" project suppliesnormalizing, a base level of development can be evaluated
are typically computed from 3 to 5 recent non-deficientunder a range of hydrologic conditions. The following
water years. Normalized "drought year" project suppliessection discusses how Bulletin 160-98 develops average
are computed by averaging historical delivery dataand drought year water supply scenarios for its water
from 1990 and I99I. A notable exception to the abovebudget analysis.
procedure is the development of normalized CVP and
SWP project deliveries. Supplies from these projectsWater Supply Scenarios
are developed from operations studies rather than from
historical data (See sidebar). Operations studies pro- California is subject to a wide range of hydrologic
vide an average project delivery capability over a multi-conditions and water supply variability. Knowledge of
year sequence of hydrology under SWRCB’s WR 95-water supplies under a range of hydrologic conditions
6 Bay-Delta standards. The following section on wa-is necessary to evaluate reliability needs that water
ter supply scenarios describes how other water supplymanagers must meet. Two water supply scenarios-av-
data are normalized, erage year conditions and drought year conditions-were

On the demand side, base year urban per capitaselected from among a spectrum of possible water
water use data are normalized to account for factorssupply conditions to represent variability in the regional
such as residual effects of the 1987-92 drought. In anyand statewide water budgets.
given year, urban landscape and agricultural irrigation Average Year Scenario. The average year supply
requirements will vary with precipitation, temperature,scenario represents the average annual supply of a system
and other factors. Base year water use data are normalizedover a long planning horizon. As discussed in the side-
to represent ETAW requirements under average andbar, average year supplies from the CVP and SWP are
drought year water supply conditions. Land use datadefined by operations studies for a base (1995) level
are also normalized. The Department collects land useof development and for a future (2020) level of devel-
data through periodic surveys; however, the entire Stateopment. Project delivery capabilities are defined over a
is not surveyed in any given year (such as 1995). To73-year hydrologic sequence. For other water supply
arrive at an estimate of historical statewide land useprojects, historical data are normalized to represent
for a specific year, additional sources of data areaverage year conditions. For required environmental
consulted to interpolate between surveys. After aflows, average year supply is estimated for each of its
statewide historical land use base is constructed, it iscomponents. Wild and scenic river flow is calculated
evaluated to determine if it was influenced by abnormalfrom long-term average unimpaired flow data. Instream
weather or crop market conditions and is normalizedflow requirements are defined for an average year
to remove such influences. (See Chapter 4 for furtherunder specific agreements, water rights, court decisions,
discussion on the development of Bulletin 160-98and congressional directives. Bay-Delta outflow
water and land use data.) requirements are estimated from operations studies.

Normalizing allows Bulletin 160-98 to define an Drought Year Scenario. For many local water
existing level of development (i.e., the 1995 base year)agencies, and especially urban agencies, drought year
that is compatible with a forecasted level of developmentwater supply is the critical factor in planning for water
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Operations Studies
Computer simulations, also known as operations studies,and pumping plant capacities), and institutional agreements

are performed to estimate the delivery capabilities ofthe CVP(e.g., Coordinated Operation Agreement) also affect the
and SWP under average year and drought year conditions,simulated operation.
Two widely used computer models for conducting CVP/SWP In considering the results of a project operations study, it
operations studies are the Department’s DWRSI~M andis important to note that conditions in a specific model year
USBR’s PROSIM. Most Bulletin 160-98 studies weredo not match those observed in the actual year. Simulated
performed with DWRSIM. hydrology deviates from historical hydrology because the 73-

DWRSIM is designed to simulate the monthly operationyear sequence is normalized to reflect existing or forecasted
of the CVP and SWP system of reservoirs and conveyancefuture land development and consumptive use conditions.
facilities under different hydrologic sequences. TheseProject deliveries and reservoir operations deviate from
hydrologic sequences are typically based on a 73-year recordhistorical conditions because they are optimized for a specific
of historical hydrology from 1922 th. rough 1994. DWRSIMlevel of demand over the entire hydrologic sequence. The
simulates the availability, storage, release, use, and export ofresults should be interpreted as average project delivery
water in the Sacramento and San Joaquin River systems, thecapability over a 73-year sequence of hydrology rather than
Delta, and the aqueduct and reservoir systems south of thein water years 1922 through 1994. Project deliveries over
Delta. The model provides numerical output on parametersthis long sequence of hydrology provide an indication of the
such as reservoir storage and releases, Delta inflows, exports,system’s average performance, as well as the performance over
and outflows. The model operates the CVP and SWP systema wide range of wet and dry years.
to provide the maximum water withdrawal from the DeltaAn example of the use of operations studies is provided
allowed by regulatory constraints, up to the total waterlater in this chapter to describe how operations studies
demand. Additional system operational obiectives (e.g.,evaluated CVP/SWP delivery impacts associated with the
reservoir carryover storage), physical constraints (e.g., reservoirSWRCB’s Order WR 95-6 Delta standards.

supply reliability. Traditional drought planning oftenFigure 3-11 illustrates the statewide occurrence of dry
uses a design drought hydrology to characterizeconditions in water year 1990. The figure also shows that,
project operations under future conditions. Fortwo years later, dry conditions persisted in Northern
a planning region with the size and hydrologicCalifornia, but not in Southern California.
complexity of California, selecting an appropriate Defining a representative drought in Southern
statewide design drought presents a challenge. TheCalifornia is complicated by the region’s access to
1990-91 water years were selected to represent theimported supplies from the Colorado River. The
drought year supply scenario for Bulletin 160-98. (TheColorado River watershed is large (about 244,000 square
1990-91 water years were also used to represent themiles, or roughly 10 times the size of the Sacramento
drought year scenario in Bulletin 160-93.) River watershed) and experiences hydrologic conditions

The 1990-91 drought year scenario has a re-different than California’s. As a result, Southern
currence interval of about 20 .years, or a 5 percentCalifornia’s water supply may be buffered from the
probability of occurring in any given year. This iseffects of severe drought in Northern California. Figure
typical of the drought level used by many local agendes3-12 presents Colorado River unimpaired flow at the
for routine water supply planning. For extreme eventsLee Ferry interstate compact measurement point to
such as the 1976-77 drought, many agencies w6uldillustrate the river basin’s hydrology.
implement shortage contingency measures such as Other Drought-Related Considerations. During
mandatory rationing. Another important considerationlow runoffyears such as 1990 and 1991, carryover stor-
in selecting water years 1990-91 was that, because ofage in surface water reservoirs is an important source
their recent occurrence, local agency water demand andof water supply. At the beginning of an extended dry
supply data were readily available, period, the drought’s duration is unknown. Therefore, to

The statewide occurrence of dry conditions duringmanage deficiencies imposed on water users, water may
the 1990-91 water years was another key considerationbe released from storage based upon a predetermined risk
in selecting them as a representative drought. Becauseanalysis procedure. As the drought continues, the
of the size of California, droughts may or may notprocedure may impose progressively larger deficiencies.
occur simultaneously throughout the entire State. Carryover storage was used to supplement water
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FIGURE 3-11

Statewide Distribution of Precipitation for Water Years 1990 and 1992
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FIGURE 3-12

Colorado River Unimpaired Runoff at Lee Ferry Compact Point
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deliveries during the low runoff years of the 1987-92delivery data shown in Figure 3-13.) Although the
drought, minimizing the initial impacts of the droughtdrought lasted six years, neither project imposed
on many water users. To illustrate the use of carryoverdelivery deficiencies during the first three years of the
storage for supplementing water project deliveries, actualdrought. During the final three years, however, both
CVP and SWP deliveries during the 1987-92 droughtprojects imposed significant deficiencies.
are shown in Figure 3-13. (The Bulletin’s drought Figure 3-14 shows how Shasta, Oroville, New
year water supplies from these projects are based onMelones, and Cachuma Reservoirs were actually oper-
normalized operations studies data, not the actualated during the 1987-92 drought. Data for Cachuma

FIGURE 3 - 13

CVP and SWP Deliveries During 1987-92 Drought
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FIGURE 3-14

Selected Reservoir Storage During 1987-92 Drought
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TABLE 3-3

California Water Supplies with Existing Facilities and Programsa (taO

Supply                      1995                             2020

Average            Drought                Average            Drought

Surface
CVP 7,004 4,821 7,347 4,889
SWP 3,126 2,060 3,439 2,394
Other Federal Projects 910 694 912 683
Colorado River 5,176 5,227 4,400 4,400
Local 11,054 8,484 11,073 8,739
Required Environmental Flow 31,372 16,643 31,372 16,643
Reapplied 6,441 5,596 6,449 5,575

Groundwaterb 12,493 15,784 12,678 16,010

Recycled and Desalted 323 333 415 416

Total (rounded) 77,900 59,640 78,080 59,750

Bulletin 160-98 presents water supply data as applied water, rather than net water. This distinction is explained in a previous section. Past editions of
Bulletin 160 presented water supply data in terms of net supplies.

b Excludes groundwater overdraft

are shown to illustrate drought impacts to a Southernmentation of new water supply options. The expected
California reservoir not hydrologically connected toincrease comes from higher CVP and SWP deliveries and
Central Valley supplies, new production from surface, groundwater, and recycling

facilities currently under construction.

California Water Supplies with Existing Facilities The following section describes the State’s major

and Programs surface water development projects. In response to
public comments on Bulletin 160-93, the description

Table 3-3 shows California’s estimated water suppl)~ofsurface water projects was expanded to provide more
for average and drought years under 1995 and 2020detail on the larger local agency projects. A discussion
levels of development, with existing facilities andon reservoir and river operations follows. The section
programs. Facility operations in the Delta are assumed
to be in accordance with SWRCB’s Order WR 95-6.

The State’s 1995-level average year water supply is
about 77.9 mar, including about 31.4 maf of dedicated
flows for environmental uses. As previously discussed, this
supply is based on an applied water methodology and
therefore includes considerable amounts of reapplica-
tion within hydrologic regions. Even with a reduction
in Colorado River supplies to California’s 4.4 mar basic
apportionment, annual average statewide supply is
projected to increase about 0.2 mafby 2020 without
implementation of new water supply options. While the
expected increase in average year water supplies is due
mainly to higher CVP and SWP deliveries (in response
to higher 2020-level demands), new water production
will also result from groundwater and recycling facilities
currently under construction.

The State’s 1995-level drought year water supply is
about 59.6 maf, of which about 16.6 mafis dedicated
for environmental uses. Annual drought year supply isO’Neill Forebay with San Luls Reservoir in the background.
expected to increase slightly by 2020 without imple-These arejolntfacillties ofthe CVP and SW~.
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concludes by addressing surface water supply impactsColorado River facilities, and Los Angeles Aqueduct.
associated with recent events and the effects of changesDescriptions of smaller surface water development
in reservoir operations on supplies, projects are provided in Chapters 7-9. See Chapter 1

for a location map of these larger facilities.
Surface Water Supplies Central Val~y Project. In 1921, California be-

Su~ace Water Development Projects gan planning a water project to serve the Central Val-
ley. The Legislature authorized the State Central Val-

This section describes California’s largest surfaceley Project in 1933. Because California was unable to
water development projects, including the CVI~, SWP,sell the bonds needed to finance the project during the

Auburn Dam--Planned, But Not Constructed
Auburn Dam was authorized as a CVP facility by Congressthe American River near Auburn, make levee improvements

in 1965 to provide greater flood control and water supply onalong the American and Sacramento Rivers, and return the
the American River. Foundation preparation and relatedmaximum flood storage in Folsom Reservoir to 400 tar.
earthwork for a dam to impound 2.3 mafwere halted by USACE completed an EIR/EIS in 1992 and a
seismicsafetyconcernsafrera19750rovilleearthquake. Thesupplemental EIR/EIS in March 1996, addressing flood
dam’s design was changed in 1980 from a concrete arch to acontrol alternatives for the Sacramento area. Both identified
gravity structure. The proposed dam has been a source ofthe detention dam as the national economic development
controversy between proponents of downstream flood controlplan, i.e., the plan that would maximize net national economic
and water supply benefits and those who wish to preservebenefit. In 1995, the Reclamation Board voted for a preferred
the American River Canyon. As originally planned, aplan from among the three alternatives and endorsed the
multipurpose Auburn Reservoir could have provided moredetention dam plan. The Sacramento Area Flood Control
than 300 taf/yr of new water supply to the CVI~, as well asAgency also voted for the detention dam as the locally
substantial flood control and power benefits. Recent reviewspreferred plan.
of American River hydrology have emphasized the flood In its Resolution No. 95-17, the Reclamation Board stated
contro! potential of a dam at Auburn. that it "... believes the Folsom Modification Plan provides

Much of the Sacramento metropolitan area is threatenedan inadequate level of flood protection for the Sacramento
by flooding from the American and Sacramento Rivers. Thearea, and would reduce water-supply capacity and hydropower
100-year floodplain covers over I00,000 acres and containsbenefits at Folsom Reservoir..." and that "...the Board
over 400,000 residents, 160,000 homes and sLructures, andbelieves the Stepped Release Plan would place undue reliance
over $37 billion in developed property. When Folsom Damon the levees of the lower American River, would reduce water
was completed in 1955, the facility was estimated to providesupply capacity and hydropower benefits at Folsom Reservoir,
Sacramento with 250-year level of flood protection. Thisand.., would be significantly more expensive for State and
estimate was revised downward to a 60-year level of protectionlocal interests ...."Regarding the detention dam plan, the
(77-year level with Folsom reoperation for additional floodresolution states "... the Board believes that the Detention
control space) after the storms of 1986 and 1997. Dam Plan... represents the NED Plan for the American

Given the areas low level of flood protection (one of theRiver flood plain. The Board recommends that the Corps
lowest in the nation for a metropolitan areaofits size), USACEpursue Congressional authorization of this plan." In spite of
has evaluated many alternatives to providing additional floodsupport from USACE, the Reclamation Board and SAFCA,
protection. Three recent alternatives include the Folsomthe detention dam was not authorized in theWater Resources
modification plan, the Folsom stepped release plan, and theDevelopment Act of 1996.
detention dam plan. The Folsom modification plan would In 1998, the Reclamation Board reaffirmed its support for
increase maximum flood storage in Folsom from 400 taftoan Auburn Dam, stating in Resolution No. 98-04 that "the
720 tar, lower the main spillway by 15 feet, enlarge 8 riverbest long-term engineering solution to reliably provide greater
outlets, and make levee improvements along the Americanthan 1-in-200 year flood protection is to develop additional
and Sacramento Rivers. The Folsom stepped release planflood detention storage at Auburn which, with a capacity of
would increase Folsom’s flood storage to 670 tar, lower the894,000 acre-feet would provide a 1-in-400 year level of
main spillway by 15 feet, enlarge 8 river outlets, and makeprotection’.
levee improvements to increase maximum reservoir releasesAs Bulletin 160-98 is being written, competing proposals
to 180,000 cfs. The detention dam plan would ~onstruct afor American River flood control measures are being heard
508-foot-high flood detention facility on the North Fork of by congressional authorizing committees.
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TABLE 3-4

Major Central Valley Project Reservoirs

Reservoir Ca#adty (taJ9 Year Completed Stream

Shasta 4,552 1945 Sacramento River
Trinity 2,448 1962 Trinity River
New Melones 2,420 1979 Stanislaus River
Folsom 977 1956 American River
San Luis (Federal Share) 966 1967 Offstream
Millerton 520 1947 San Joaquin River
Whiskeytown 241 1963 Clear Creek

Great Depression, USBR stepped in to begin project4.55 mafLake Shasta, the largest reservoir in California.
construction. Initial congressional authorization for theCVP reservoirs provide a total storage capacity of over
CVP covered facilities su& as Shasta and Friant Dams,12 mar, nearly 30 percent of the total surface storage in
Tracy Pumping Plant, and the Contra Costa, Delta-California, and deliver about 7 mar annually for agri-
Mendota, and Friant-Kern Canals. Later authorizationscultural (6.2 mar), urban (0.5 mar), and wildlife refuge
inclu&d Folsom Dam (1949), Trinity River DMsionuse (0.3 mar). Table 3-4 shows major CVP reservoirs.
(1955), Sacramento ValleyCanals (1959), San Luis UnitShasta and Keswick Reservoirs regulate CVP
(1960), New Melones Dam (1962), Auburn Damreleases into the Sacramento River. Red BluffDiversion
(1965), and the San Felipe Division (1967). Dam on the Sacramento River diverts water to the

The USBR’s CVP is the largest water storageTehama-Colusa and Corning Canals. At the Delta,
and delivery system in California, covering 29 of theCVP water is exported at Rock Slough into the Contra
State’s 58 counties. The project’s features include 18Costa Canal and at Tracy Pumping Plant on Old River
federal reservoirs and 4 additional reservoirs jointlyto the Delta-Mendota Canal. During the winter, water
owned with the SWP. The keystone of the CVP is theis conveyed via the Delta-Mendota Canal to San Luis

Floodflows on the American River in 1986 breached the cofferdam that USBR had constructed when it began its initial work at
the Auburn damslte. This flood event produced record flows in the American River through metropolitan Sacramento.
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FIGURE 3-15
Major Central Valley Project Facilities
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Reservoir for later delivery to the San Luis and Sansettlement (also called base supply or prior rights)
Felipe Units of the project. A portion of the Delta-water. About 90 percent of south-of-Delta contractual
Mendota Canal export is placed back into the Sandelivery is for agricultural and urban uses; the remaining
Joaquin River at Mendota Pool to serve, by exchange,10 percent is for wildlife refuges. Figure 3-17 shows
water users with long-standing historical rights to the useactual CVP water deliveries since 1960. (The Bulletin’s
of San Joaquin River flow. This exchange enabled theCVP supplies are based on normalized data, not the
CVP to build Friant Dam (Millerton Lake), northeast ofactual delivery data shown in Figure 3-17.)
Fresno, which diverts a major portion of San Joaquin Water right settlement water is water covered in
River flows through the Friant-Kern and Madera Canals.agreements with water rights holders whose diversions
Figure 3-15 is a map of CVP facilities, existed before the project was constructed. Project

The CVP supplies water to more than 250reservoirs altered natural river flow upon which these
long-term water contractors in the service areas shownpre-project diverters had relied, so contracts were
in Figure 3-16. The majority of CVP water goes tonegotiated to agree on the quantities of diversions that
agricultural water users. Large urban centers receivingcould be made without any payment to the United
CVP water include Redding, Sacramento, Folsom,States. CVP base supply and settlement contractors
Tracy, most of Santa Clara Count~ northeastern Contraon the upper Sacramento River receive their supply
Costa County, and Fresno. Collectively, the contracts(about 2.3 maf/yr) from natural flow and storage regu-
call for a maximum annual delivery of 9.3 mar,lated at Shasta Dam. Settlement contractors on the
including delivery of 1.7 mar of Friant Division supplySan Joaquin River (called exchange contractors) receive
when available in wet years. Of the 9.3 mar totalDelta water from Northern California which is diverted
annual contractual deliver~ 4.8 maf is classified asat Tracy Pumping Plant, stored in San Luis Reservoir
project water and 4.5 mar is classified as water rightand/or pumped directly via the Delta-Mendota Canal.

Courtesy of USBR
Friant Dam, a 319-j~ot high concrete gravity dam, controls runo~J~om about 1,630 square miles of the San Joaquln River’s

drainage basin. The Friant-Kern Canal is in the foregrouneL
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FIGURE 3-16
Central Valley Project Service Areas
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FIGURE 3-17
Central Valley Project Deliveries
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The capability of the CVP to meet full water SWP facilities include 20 dams, 662 miles of
supply requests by its south-of-Delta contractors in aaqueduct, and 26 power and pumping plants. SWP
given year depends on rainfall, snowpack, runoff,reservoirs are listed in Table 3-5. Major facilities
carryover storage, pumping capacity from the Delta,include the multipurpose Oroville Dam and Reservoir
and regulatory constraints on CVP operation. Figureon the Feather River, the Edmund G. Brown California
3-18 shows existing ( 1995 level)
and future (2020 level) CVP
south-of-Delta delivery capabil- FIGURE 3-18
ity, as estimated by operations 1995 and 2020 Central Valley Project Delivery Capability
studies, under SWRCB Order South of Delta with Existing Facilities
WR 95-6. The figure shows 3.9,
that existing CVP fadlities have
a 20 percent chance of making
full deliveries under both
demand levels.

3.0.

State Water Project. It was
evident soon after World War
II that local and federal water % 2.s,

development could not keep ~
pace with California’s rapidly .~ 5 Level
growing population. Planning ~ 2.0. ~ 2020 Levelfor the multipurpose SWP .~ _~
began in the late 1940s, and ~
accelerated in the early 1950s. ~ 1.s,
Voters authorized SWP con- ~
struction in 1960 by ratifying
the Burns-Porter Act. The 1.O
majority of existing project
facilities were constructed in
the 19609 and 1970s. Future
SWP facilities were to be added

0.5.

as water demands increased,
to meet the project’s initial
contractual entitlement of 4.2 o.o, ,

mar/yr,
lOO ~o s’o 40 6"0 go 4"0 3"0 2"0 ~’o    b

Percent Time at or Above
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TABLE 3-5
Major State Water Project Reservoirs

Reservoir Capaci~ (ta29 Year Completed Stream

Oroville 3,538 1968 Feather River
San Luis (State share) 1,062 1967 Offstream
Castaic 324 1973 Offstream
Pyramid 171 1973 Offstream
Perris 131 1973 Offstream
Davis 84 1966 Big Grizzly Creek
Del Voile 77 1968 Arroyo Voile Creek
Silverwood 75 1971 Offstream
Frenchman 55 1961 Last Chance Creek
Antelope 23 1964 Indian Creek

Aqueduct, South BayAqueduct, North BayAqueduct,Aqueduct, which serves areas in Napa and Solano
and a share of the State-federal San Luis Reservoir. WithCounties. Maximum capacity of the California
a storage opacity of 3.5 mar,, Lake Oroville is the secondAqueduct is 10,300 cfs at the Delta and 4,480 cfs over
largest reservoir in California after Lake Shasta. Lakethe Tehachapis to the South Coast Region. The De-
Oroville stores winter and spring flows of the upperpartment has just completed construction of the
Feather River. Water released from Lake Oroville travelsextension of the Coastal Branch of the California
down the Feather and Sacramento Rivers to the Delta.Aqueduct, which extends about 115 miles from the
There, some of the water flows to the ocean to meetmain aqueduct to serve parts of San Luis Obispo and
mandated Delta water quality criteria, and some ofSanta Barbara Counties. Figure 3-19 is a map of major
the water is delivered through project facilities to theSWP facilities.
Bay Area, Central Coast, San Joaquin Valley and The service area of the 29 SWP contracting agencies
Southern California. is shown in Figure 3-20. Initial project contracts were

Water is diverted from the California Aqueduct intosigned for an eventual annual delivery of 4.2 mar.
the South BayAqueduct, which extends into Santa ClaraOf this annual entitlement, about 2.5 mafwas to serve
County. A separate Delta diversion supplies the North BaySouthern California and about 1.3 mafwas to serve

The D~partm~n£s
expansion of

the Coastal Branch
included construction of

new pumplngplants,
such as the Bluestone

Pumping Plant.
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FIGURE 3-20
State Water Project Service Areas
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the San Joaquin Valley. The remaining 0.4 mar annual FZGURE 3-21

entitlement was ~o serve the Feather River area and% 3.0 State Water Project Deliveries

the San Francisco Bay and Central Coast regions. (As~

discussed in Chapter 2, 45 tar of annual enritlement
~2.5

III Ilili

Valleywas subsequently retired as part of the Monterey~ 1.5
Agreement.) Figure 3-21 shows actual SWP water~,
ddiveries since the beginning of entitlement deliveries.~1.o

II! in 1967. (The Bulletin’s SWP supplies are based on"~ 0.5
normalized data, not the actual delivery data shown inca

_ | | | . . . ~Figure 3-21.) Except during very wet years and during o.o    1~’7o 19"75 19~o 1985
199o 1995

drought years, San Joaquin Valley use of SWP supply
has been near full contract amounts since about 1980.2.1 maf. About half of this water would come from
Southern California use of SWP supply has reachedLake Oroville and the rest from surplus flow in the
about 60 percent of full entitlement. Delta, some of which is stored in San Luis Reservoir.

The ability of the SWP to deliver full water supplyFigure 3-22 shows existing (1995 level) and future
requests by its contractors in a given year depends on(2020 level) SWP delivery capability, as estimated
rainfall, snowpack, runoff, carryover storage, pumpingby operations studies, under SWRCB Order WR 95-6.
capacity from the Delta, and regulatory constraints onThe figure shows that existing SWP facilities have a
SWP operation. The calculated average annual delivery65 percent chance of making full deliveries under 1995
during a repeat of the 1929-34 drought is aboutlevel demands and have an 85 percent chance ofde!iv-

ering 2.0 mafto project contrac-
FIGURE 3-22 tots in any given year. The fig-

1995 and 2020 State Water Project Delivery Capability tire also shows that under a 2020
with Existing Facilities level demand scenario, existing

5- SWP facilities have less than a
25 percent chance of making
full deliveries.

" Colorado River. The

4. f
Colorado River is an interstate
and international river. Its mean
annual un.impaired flow is
about 15 mar. The river, which

"~ has is headwaters in Wyoming’s
.~ 3- Green River Basin, crosses
~ through parts of seven states
~ before flowing into Mexico and~ --" 1995 Level
~ terminating at the Gulf of

ca ~ 2020 Level
California. The Coloradou-
River watershed is depicted in
Figure 3-23.

Nearly 60 mar of surface
water storage has been devel-

1" oped on the river and its tribu-
taries, resulting in a ratio of stor-
age to average annual river flow
of about 4 to 1--comparable to

o. the ratio found on Putah Creek
10o ~o s’o 7’0 6’0 fro 4’0 ~’o u’o 1’o o at Lake Berryessa--but much

Percent Time at or Above higher than the ratio found on
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FIGURE 3-23
Colorado River Watershed in United States
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most of California’s rivers. The two largest reservoirsUSBR’s Yuma Project) on the California side of the
are the 24 mafLake Powell (impounded by Glen Can-stateline and to Arizona Yuma Project users on the Ari-
yon Dam) and the 26 mafLake Mead (impounded byzona side of the stateline. An off-stream storage reset-
Hoover Dam). Three major structures divert watervoir, Senator Wash Reservoir, is used to adjust releases
from the Colorado River to California. Parker Damfrom Parker Dam and to meet downstream demands.
impounds Lake Havasu, which supplies water forThe Colorado River service area is shown in Fig-
MWDSC’s Colorado River Aqueduct on the Califor- ure 3-24.
nia side of the stateline and for the Central Arizona Three major faci~ities--USBR’s All American Ca-
Project on the Arizona side of the stateline. Palo Verdehal, MWDSC’s Colorado River Aqueduc~t, and Palo
Diversion Dam supplies water to Palo Verde Irriga-Verde Irrigation District’s main canal---convey water
tion District’s canal system. Imperial Dam diverts waterfrom the Colorado River to California users. Construc-
to the All American Canal (and to California users oftion of the All American Canal was authorized in the

The 82-milo All American Canal tramports water jFom Imperlal Dam on ,the Colorado River to ImperiaI Irrigation Distrie£s
service area In an outstanding en~neerlngfea~ the canal system and district distribution system operate entirely on gravl,y flow.
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FIGURE 3-24
Colorado River Service Areas
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Colorado River Reservoir Operations
Operation of lower Colorado River reservoirs is controlledactual statutory guarantee is 75 mar every 10 years, plus one-

by USBR, which serves as the watermaster for the river. USBRhalf of the Mexican treaty water requirements.)
is responsible for maintaining an accounting of consumptive Current federal operating criteria for the reservoirs have
use of the basin states’ allocations, and for ensuring thatfocused on balancing the conservation of water and avoiding
Mexican treaty requirements are met with respect to thedownstream flood damage. As consumptive use of water in
quantity offlowsandsalinityconcentration of water delivered the Lower Basin has reached the annual 7.5 mar basic
to Mexico. apportionment, there has been increasing interest in operating

The 1968 Colorado River Basin Project Act directed DOIthe river more efficiently from a water supply standpoint.
to develop criteria for long-range operation of the majorProposals discussed among Colorado River water users have
federal reservoirs on the river and its tributaries. USBRincluded a variety of surplus and shortage operating criteria,
conducts a formal review of the long-range operating criteriabanking programs, and augmentation of the river’s base flow.
every five years. The act further requires DOI to prepare anIn order to be implemented, any changes in operating criteria
annual operating plan for the river, in consultation withformally recommended by the Colorado River Board would
representatives from the basin states. Some river operatinghave to be acceptable to the other basin states and to the
criteria have already been established in the statutesfederal government.
comprising the law of the river (see Chapter 9 for more detail). Based on the amount of water in the reservoir system,
For example, USBR is required to equalize, to the extentUSBRdeclaredasurplusconditionontheriverin1996, 1997,
practicable, storage in Lake Mead and Lake Powell. (Lakeand 1998, allowing California to continue diverting more
Powell in essence serves as the bank account that guaranteesthan its basic apportionment. In 1997 and 1998, flood control
annual delivery of 7.5 mar from the Upper Basin to the Lowerreleases were made from Lake Mead.
Basin, plus water to satisfy Mexican treaty obligations. The

1928 Boulder Canyon Project Act. Work on the ca- California’s basic apportionment of Colorado River
nal began in the 1930s, with water deliveries beginning insupplies is a consumptive use of 4.4 maf/yr, plus half
1940.ColoradoRiverwaterdivertedatlmperialDamilowsof any excess or surplus water. Apportionment of
bygravitythroughtheAllAmericanCanalandtheCoachellaColorado River supplies is discussed in detail in
Canalto the Imperial and CoachellaValleys. The All Ameri-Chapter 9. California has been able to use as much
can Canal has a maximum opacity of 15,200 cfs in theas 5.4 mar of Colorado River supplies annually be-
reach immediately downstream from Imperial Dam. Thecause neither the Upper Basin states nor Arizona
main branch of the All American Canal extends 82 milesand Nevada were using their full apportionments,
from Imperial Dam to the western portion of Imperialand because of wet hydrologic conditions.
Irrigation District’s distribution system. The Coachella Klamath Project. The USBR’s Klamath Project
Canal branches offfrom the main canal and extends 121straddles the California-Oregon stateline near Klamath
miles northward, to. terminate in Coachella Valley WaterFalls, Oregon, and provides water supplies to users in
District’s Lake Cahuilla. both states. The project, authorized in 1905 by the

In 1933, MWDSC started constructing itsReclamation Act of 1902, transfers water between the
Colorado River Aqueduct to divert Colorado RiverLost River (which naturally flowed into Tule Lake and
water from Lake Havasu to the South Coast Region.occasionally into the Klamath River) and the Klamath
Completed in 1941, the 242-mile long aqueduct hadaRiver. Project works were constructed to drain and
design capacity of 1.2 maf/yr, although MWDSC hasreclaim Iakebed lands of Lower Klamath and TuIe Lakes
been able to deliver as much as 1.3 maf/yr. Facilitiesand to provide irrigation supplies to lands within the
associated with the aqueduct include five majorprojec~ area totaling about 230,000 acres. Major storage
pumping plants and Lake Mathews, the aqueduct’sfacilities of the Klamath Project are given in Table 3-6.
terminal reservoir in Riverside County. The San Diego The Klamath Project includes 185 miles of main
Aqueduct, constructed by the federal government,canal, 532 miles of laterals, 37 pumping plants, and
interconnects with the Colorado River Aqueduct in728 miles of drains. Project agricultural water use has
Riverside CounW. Delivery of Colorado River Aqueducthistorically averaged about 400 taf/yr. The project also
water to San Diego County began in 1947. Coloradoserves water to adjacent national wildlife refuges.
River operations are described in the sidebar. Other FederalProjects. In addition to the CVP,
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TABLE 3-6
Major Reservoirs of USBR’s Klamath Project

Reservoir Capad~ (taj9 Year Completed Stream

Upper Klamath 873 1921 Klamath River
Clear 527 1910 Lost River
Gerber 94 1925 Miller Creek

Colorado River facilities, and the Klamath Project,are shown in Table 3-8.
USBR has constructed several other reclamation The delivery capability of LADWP’s aqueduct
projects in California (Table 3-7). Th~se reclamationsystem has been affected by judicial and regulatory
projects and other facilities constructed by USACEactions intended to restore environmental resources in
provide important flood control and recreation benefits,the Mono Lake Basin and in the Owens River Valley. In

Los Ange~s Aqueduct. In 1913, the City of Los 1979, the National Audubon Society, the Mono Lake
Angeles began importing water from the Owens ValleyCommittee, and others filed the first in a series of
through the first pipeline of the Los Angeles Aque-lawsuits which challenged the project’s water diversions
duct. The original aqueduct reach was 233 miles long,from the Mono Basin. In 1989 and 1990, the El
had 142 tunnels, and crossed 9 major canyons toDorado County Superior Court entered preliminary
deliver water to Los Angeles using only gravity. In 1940,injunctions which required the project to reduce
the aqueduct was extended north to tap Mono Basindiversions to restore and maintain the water level of
water at Lee Vining Creek, increasing its length to 338Mono Lake at 6,377 feet. The injunctions also estab-
miles. The extension included an 11-mile ttmnel drilledlished minimum fishery flows in all four Mono Basin
through the Mono Craters. streams from which project diversions are made.

To keep pace with the city’s growing population, In 1994, SWRCB’s Decision 1631 specified
a second pipeline of the LAAwas completed in 1970minimum fishery flows on the four Mono Basin
to import additional water from the southern Owensstreams. The order also established water diversion
Valley at Haiwee Reservoir. The second pipeline in-criteria to protect wildlife and other environmental
creased the aqueduct’s annual delivery capacity fromresources in the Mono Basin. The water diversion
330 tar to 550 tar. In dry years, the aqueduct was tocriteria prohibited export of water from the Mono
be maintained at full capacity through groundwaterBasin until the water level of Mono Lake reached
pumping in the Owens Valley. Pumped groundwater6,377 feet, and restricted Basin exports until the
is also used to meet in-valley uses. In addition to thewater level of Mono Lake rose to an elevation of
two aqueduct pipelines, the system includes eight res-6,391 feet (estimated to take approximately 20 years).
ervoirs and eleven powerplants. The largest reservoirsOnce the water level of 6,391 feet is reached, the

TABLE 3-7
Other USBR Projects in Californiaa

Reservoir Project Capad~y (tasO Year Completed Stream
Berryessa Solano 1,600 1957 Putah Creek
Tahoe(b’c) Newlands 745 1913 Truckee River
Casitas Ventura River 254 1959 Ventura River
Twitchell Santa Maria 240 1958 Cuyama River
Stampedeb Washoe 227 1970 Little Truckee River
Cachuma Cachuma 190 1953 Santa Ynez River
East Park Orland 51 1910 Stony Creek
Stony Gorge Orland 50 1928 Stony Creek
Bocab Truckee Storage 41 1937 Little Truckee River
Prosser Creekb Washoe 30 1962 Prosser Creek
a Does not include CVP or Colorado River projects.
b Lands served by this reservoir are located in Nevada,

¢ USBR controls the dam under easement from Sierra Pacific Power Company.
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LAA will be able to export approximately 31 taf/yr
from the Mono Basin.

Longstanding litigation between Inyo County and
the City of Los Angeles over environmental effects of
Owens Valley groundwater pumping ended in June
1997, allowing implementation of water management
and environmental mitigation actions. (See Chapter 9
for additional details.) A key environmental restoration
effort is rewatering the lower Owens River in a 60-mile
stretch from the aqueduct intake south of Big Pine to
just north of Owens Dry Lake. The effort calls for
providing continuous river flows of about 40 cfs (with
seasonal habitat flows up to about 200 cfs), establishing
1,825 acres of wetlands, and establishing and
maintaining off-river lakes and ponds. (Most of theAs Mono Lake’s level rises as a result of SWRCB’s Decision
instream flows will be pumped back out of the river1631, some of the lakeshore tufaformatlons will be
and into the LAA from a point just north of Owens submergeeL

Dry Lake. Between 6 and 9 cfs will be allowed to flow
past the pumpback station to sustain a 325 acre wet- Tuolumne River Development. The Tuolumne
land in the Owens Lake delta.) Providing the base flowRiver, which begins at Lyell Glacier in Yosemite
ōf 40 cfs and river channel restoration must begin noNational Park and extends 163 miles to its confluence
later than 2003. with the San Joaquin River west of Modesto, is the

As discussed in Chapter 9, the Great Basinlargest oftheSanJoaquin River tributaries. It produces
Unified Air Pollution Control District issued an orderan average annual runoff of about 1.9 maf of which
to LADWP in July 1997 requiring 50 tafofwater per 1.2 mafcomes from snowmelt between April and Jul~
year to control dust from the Owens Dry Lake. Two Total reservoir capacity on the river i.s.2.8 maf, almost
potential sources of water identified by the GBUAPCD 1.5 times its average annual runoff.Of this total, over
include aquifers under the lakebed and the Los Angeles0.34 maf is reserved for flood control. Table 3-9 li~ts
Aqueduct. As described in Chapter 9, LADWP andmajor reservoirs on the Tuolumne River system.
GBUAPCD have developed a draft agreement for dust The oldest dam on the Tuolumne River is La
control measures. Grange Dam, about 2.5 miles downstream of New

TABLE 3-8

Major Reservoirs in the Los Angeles Aqueduct System

Reservoir Ca#adty (taj9 Year Completed Stream
Crowley 183 1941 Owens River
Grant 47 1940 Rush Creek
Haiwee 39 1913 Rose Valley Creek
Bouquet 34 1934 Bouquet Creek
Tinemaha 6 1929 Owens River

TABLE 3-9
Major Reservoirs in the Tuolumne River Basin

Reservoir Ca#adty (taj9 Year Completed Owner Stream
New Don Pedro 2,030 1971 Modesto ID/Turlock ID Tuolumne River
Hetch Hetchy 360 1923 San Francisco PUC Tuolumne River
Lake Lloyd 268 1956 San Francisco PUC Cherry Creek
Turlock 49 1915 Turlock ID Offstream
Modesto 29 1911 Modesto ID Offstream
Eleanor 26 1918 San Francisco PUC Eleanor Creek
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Don Pedro Dam. The 131-foot high La Grange DamAlameda Creek. It constructed the Sunol Aqueduct in
was completed in 1894; it serves as adiversion dam to1900 and completed Calaveras Dam in 1925. (The
divert river flows into Modesto ID’S and Turlock ID’s215-foot high dam was the highest earth-fill dam in
canals. In 1923, Modesto and Turlock Irrigationthe world at the time.)
Districts completed the old Don Pedro concrete damConcern about adequate water supply led to a
withacapacityofabout290taf. The New Don Pedroseries of studies and.the choice in 1901 of the
Dam, capacity 2.03 mar, was completed in 1971 as aTuolumne River as the city’s next major source ofsupply.
joint project of the two irrigation districts and the CityThe centerpiece was to be a dam at Hetch Hetchy
and County of San Francisco. Valley in northern Yosemite Park. Authorization was

In its early years, the City of San Francisco’s watersecured in the 1913 Raker Act and work soon began
supply came from tocal creeks and springs. This wason the construction of O’Shaughnessy Dam and the
soon inadequate and, in 1862, water from the peninsulaHetch Hetchy Aqueduct. A dam at Lake Eleanor was
was drawn from Pilarcitos Creek (in San Mateobuilt in 1918 to supply hydroelectric power for Hetch
County) via a tunnel and redwood flume. Inthe 1870s,Hetchy construction. O’Shaughnessy Dam was
San Andreas and Crystal Springs Reservoirs were addedcompleted in 1923 and the San Joaquin Valley
and, with later improvements, increased the city’spipeline and Coast Range tunnel were finished to
water supply gready. About the turn of the century;deliver the first water to the San Francisco peninsula
the SpringValleyWater Company; the city’s main waterin 1934. Cherry Valley Dam (Lake Lloyd) was
purveyor, turned its attention to the East Bay area andcompleted in 1956, which added further regulated

storage to help satisfy irrigation district prior water
rights below Hetch Hetchy.

The capacity of the current Hetch Hetchy Aqueduct
system’s San Joaquin pipeline is about 330 tar/yr. Average
and drought year delivery capability of the system is
294 taf and 270 taf, respectively.

Two major San Joaquin Valley water agencies,
Turlock and Modesto Irrigation Districts, have water
rights on the Tuolumne River that are senior to those
of San Francisco. Annual diversions by these irri-
gation districts average between 0.9 mafand 1.1 mar.
As shown in Table 3-9, each of the irrigation districts
uses an offstream regulatory reservoir to manage the
distribution of the water diverted from the river.

Mokelumne Aqueduct. The Mokelumne River,
one of the smaller Sierra Nevada rivers, has an average
annual runoffof740 taf. It is a snowmelt stream, with
over 60 percent of its runoff occurring during April

San Francisco’s Pulgas Water Temple marks the original through July. The Mokelumne River has about 840 tar
terminus of the Hetch Hetchy Aqueduct at Upper Crystal of storage capacit~ approximately 1.1 times its aver-
Springs Reservoir. age annual runoff. The largest reservoir is Camanche,

TABLE 3-10

Mokelumne Aqueduct System Reservoirs

Reservoir Capacity (taj9 Year Completed Stream

Camanche 417 1963 Mokelumne River
Pardee 198 1929 Mokelumne River
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which can hold 417 tar. Total flood control space onthirds of the average annual runoff. Surface water de-
the Mokelumne River system is 200 tar. In additionvelopment provides municipal, irrigation, power gen-
to EBMUD’s facilities on the river (Table 3-10), thereeration, and environmental supplies to more than one
is 220 tar of storage (owned by PG&E)and diversiondozen water purveyors, and serves the Cities of
works for two irrigation districts--Jackson Valley andMarysville, Grass Valley, Nevada City, and many
Woodbridge Irrigation Districts. smaller communities.

In the 1920s, as the Hetch Hetchy Project for the The basins contain numerous lakes and reservoirs,
San Frandsco peninsula was under wa)~ East Bay citiesincluding many small mountain lakes in the headwaters
also turned to the Sierra Nevada for more water,area. The larger reservoirs are listed in Table 3-11. New
specifically to the Mokelumne River. EBMUD completedBullards Bar, a concrete arch dam 645 feet high
Pardee Dam and the Mokelumne Aqueduct fromimpounding a 966 tafreservoir, is located on the North
Pardee Reservoir to the East Bay in 1929. The down-Fork Yuba River about 30 miles northeast of Marysville.
stream Camanche Reservoir was completed in 1963.The facility was built for irrigation, power generation,
With the addition of a third pipeline in 1965,recreation, fish and wildlife enhancement, and flood
Mokelumne Aqueduct capacity was increased from 224control. Seasonal flood control storage capacity is 170
taf/yr to 364 tar/yr. Drought year supplies are not alwaystaf. Englebright Dam (which impounds Englebright
adequate to sustain full aqueduct capacity diversions.Reservoir) was constructed in 1941 by the California

Yuba and Bear Rivers Development. The YubaDebris Commission as a debris storage project. The
and Bear Rivers drain the west slope of the Sierra Ne-dam, along with Daguerre Point Dam and channel
vada between the Feather River Basin on the northtraining walls farther downstream, was designed to
and the American River Basin on the south. The Yubacontrol movement of hydraulic mining debris along the
and Bear River Basins include portions ofYuba, Sutter,lower Yuba River. Up to that time, mining debris was
Placer, Nevada, Sierra, Butte, and Plumas Counties.filling the downstream channels, creating flooding and
Elevations range from 60 feet near Marysville to overnavigation problems. Currently, PG&E and YCWA pay
9,000 feet along the Sierra Nevada crest. The basinsthe federal government to use Englebright’s storage to
produce an average annual runoff of about 2.4 maf,generate hydroelectric power at two powerplants.
45 percent of which is derived from snowmelt fromWater from theYuba and Bear Rivers is exported to
April through July. Runofffrom the 1,700 square milethe Feather and American River Basins via diversion
area drains westerly to the confluence with the Featherworks. Water is transferred to the Feather River basin
River, south of Marysville. Total reservoir capacity on(from Slate Creek to Sly Creek Reservoir) by Oroville-
the rivers is more than 1.6 maf, or approximately two-Wyandotte Irrigation District. Water is transferred to
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TABLE 3-11
Major Reservoirs on the Yuba and Bear River Systems

Reservoir Capaelty (ta39 Year Completed Owner Stream

New Bullards Bar 966 1970 YCWAS NF Yuba River
Camp Far West 103 1963 South Sutter WD Bear River
Lake Spaulding 75 1913 PG&E SF Yuba River
Englebright 70 1941 USACE Yuba River
Bowman 69 1927 Nevada ID Canyon Creek
Jackson Meadows 69 1965 Nevada ID MF Yuba River
Rollins 66 1965 Nevada !D Bear River
Collins 57 1963 Browns Valley ID Dry Creek
Scotts Flat 49 1948 Nevada ID Deer Creek

the American River Basin (from Rollins Reservoir topeak in the late fall. Anadrom0us fishery
Folsom Lake) by PG&E and Nevada Irrigation(primarily salmon) demands are highest in the fall to
District. PG&E also diverts water for power generationattract spawning fish and again in the spring to move
from the American River Basin to the Bear River, whichthe newly hatched smolts and fry downstream to the
is subsequendy returned to the North Fork Americanocean. Demands for groundwater recharge can be
River and Folsom Lake. scheduled any time of the year when water spreading

capacity is available. Reservoir operators must balance

Reservoir and River Operations these varying water demands against other considerations
that affect reservoir and river use, such as flood control

Most large reservoirs in California are multipurposeoperating criteria and fishery temperature needs.
impoundments designed to provide water supply stor- Flood Control Opera~’ons. Multipurpose reser-
age, electric power, flood control, recreation, watervoirs incorporating formal flood control functions
qualit)~ and downstream fishery needs. Often, largeare common on California’s major rivers. Table 3-12
reservoirs would not be economically feasible as singleshows the principal Central Valley storage facilities
purpose projects. Mukipurpose designs maximize thethat incorporate flood control. Most of the reservoirs
beneficial uses of large reservoir sites and provideshown were constructed by federal agencies under au-
regional water supply benefits, thorizations that allowed a large share of costs allo-

Water Supply Operations. Water supply needs cared to flood control to be treated as non-reimburs-
dictate many operating criteria of multipurpose reservoirs,able and be absorbed by the federal government. Table
Su~cient water must be provided for existing water3-12 also includes several non-federal projects where
rights, instream requirements for fish and water qualitypart of the costs allocated to flood control were paid
(including temperature control), downstream waterby the federal government under federal flood con-
demands, and, in the case of Shasta Reservoir, minimumtrol law (or specific legislation). The share of flood
flows or depths in the Sacramento River for navigation,control costs that must be borne by non-federal interests
The generation of hydroelectric power is, for the mosthas gradually increased in recent years. Under the Wa-
part, an ancillary purpose. However, where there ister Resources Development Act of 1996, that non-fed-
capacity and an afterbay to re-regulate flow, reservoirseral share is now up to 35 percent.
may be operated to meet peaking power needs. Lake Typically, flood control operations are integrated
recreation is an important element of the local economywith those for other project purposes through the
at many reservoirs. High reservoir levels often are main-concept of "joint use" sharing of a portion of a
tained into the summer to maximize local recreation,reservoir’s storage capacity. The usual climate patterns

Urban and agricultural water demands are highestin California result in flood control needs being greatest
during the summer and lowest during the winter, thein midwinter and least in the summer. Through joint
inverse of natural runoff patterns. Environmentaluse, substantial reservoir storage space is maintained
water demands can follow a different pattern. Waterempty to help control floods during the period of highest
needs for flooding refuge and duck club lands tend torisk. As the year progresses and flooding risk diminishes,
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TABLE 3-12

Federal Flood Control Storage in Major Central Valley Reservoirs

Reservoir Stream Storage Flood Control Owner
(taj9 Space (ta39

Shasta Sacramento River 4,552 1,300 USBR
Oroville Feather River 3,538 750 DWR
New Melones Stanislaus River 2,420 450 USBR
New Don Pedro Tuolumne River 2,030 340 Modesto ID/Turlock ID
McClure Merced River 1,025 350a Merced ID
Pine Flat Kings River 1,000 475a USACE
Folsom American River 977 400b USBR
New Bullards Bar Yuba River 966 170 YCWA
Isabella Kern River 568 398a USACE
Millerton San Joaquin River 520 170a USBR
Camanche Mokelumne River 417 200a EBMUD
New Hogan Calaveras River 317 165 USACE
Indian Valley Cache Creek 301 40 YCFCWCD
Eastman Chowchilla River 150 45 USACE
Black Butte Stony Creek 144 137a USACE
Kaweah Kaweah River 143 142 USACE
Hensley Fresno River 90 65 USACE
Success Tule River 82 75 USACE
Farmington Litdejohns Creek 52 52 USACE
a Maximum flood control space may vary depending on transferable upstream storage space and/or snowpack
b Does not include 270 tafreoperation for SAFCA

the flood reservation is reduced, allowing the storage towinter-run chinook salmon spawning grounds below
be used for water supply or other project purposes. TheKeswick Dam from April through September.
allocation of joint use storage is controlled by formal As another example of temperature control
operating procedures, as discussed in the sidebar, operations, NMFS issued a long-term winter-run

Flood control operating criteria are individuallychinook salmon biological opinion in 1993 that
crafted to reflect the specific conditions at each reservoir,required the CVP to maintain a minimum Shasta Lake
For example, reservoirs on the east side of the SanSeptember storage of at least 1.9 mar, except in the
Joaquin Valley are subject to high late spring, snowmeltdriest years. Higher storage levels are required in Shasta
runoff from the high Sierra; their flood reservationsReservoir to ensure that cold water is available for reservoir
must be maintained longer than those for areas wherereleases. Before USBR constructed the temperature
late spring snowmelt is not a factor, control device, water of sufficiently low temperature

Temperature Control Operations. Downstream could be provided during critical periods only by
water temperature has become an important criterionbypassing Shasta Dam’s powerplant, causing an annual
in establishing river and reservoir operations for therevenue loss to the CVP of $10 to $20 million. The
protection of salmon and other anadromous fish. ForT’CD, constructed at a cost of about $83 million, has
example, in 1990 and 1991 SWRCB establishedmulti-level intakes, allowing temperature- selective res-
temperature standards in portions of the Sacramentoervoir releases without having to bypass the powerplant.
and Trinity Rivers through its Orders WR 90-5 andSome dams, such as the Department’s Oroville Dam,
91-01. On the Sacramento River below Keswick Dam,were constructed with the ability to make temperature-
these orders include a daily average water temperatureselective reservoir releases, as shown in the photo.
objective of 560 F during critical periods when high In certain cases, temperature control capability can
temperatures could be detrimental to survival of eggsbe provided by a temperature control curtain. This
and pre-emergent fry. Through reservoir releases, thetechnology has been used successfully to provide
CVP attempts to maintain this temperature within theselective withdrawal and to control reservoir mixing
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Federal Flood Control Operating Criteria
For federal projects, or as a condition of federal costthe flood reservation as necessary to maintain reservoir releases

sharing on other projects, USACE prescribes rules forwithin prescribed limits that are designed to prevent
operating reservoir space dedicated to flood control. Figuredownstream damage. The downstream flow limits set by the
3-25, a flood control operating diagram for Lake Oroville,USACE for Lake Oroville are 150,000 cfs north of Honcut
illustrates the nature of those operating criteria. Creek, 180,000 cfs above the mouth of the Yuba River, and

By mid-October each year, Lake Oroville storage must320,000 cfs south of the Bear River.
be reduced to a specified levelwithin the range shown, creating While water is being stored to maintain releases within
an initial flood control reservation of at least 375 tar. Thetarget levels, reservoir storage may exceed the level allowable
allowable level within the range is recalculated each day, usingunder the flood operating criteria, a condition known as
an index that reflects the wetness of the watershed and the"encroachment" into the required flood reservation. The
likelihood of heavy runoff from any incoming storms. As aUSACE criteria recognize that such encroachment will occur
wet season such as 1997-98 progresses, the allowable storageand establish release criteria for such conditions. Reservoir
tends to coincide with the "maximum flood control pool"operators must balance the conflicting objectives of
line at the bottom of the flood diagram, which represents acontrolling the current flood event and preparing for apossible
flood reservation of 750 tar. future one; the encroachment will be eliminated when

When high inflows occur, water is temporarily held indownstream conditions permit.

FIGURE 3-25
Lake Oroville Flood Control Operating Diagram

3.6: Reservoir Capac.it~

750 taf

~ 3.2. ~ Minimum Flood Control Pool

3.0-

2.8"

Sep Oct Nov Dec Jan Feb Mar Apt May lun

at USBR’s Lewiston and Whiskeytown Reservoirs.
The four curtains constructed at the two reservoirs
have reduced the temperature of Trinity River diversions
into the upper Sacramento River by about 50 F. See
Chapter 5 for more detailed discussion of temperature
control technology.

Delta Opera~ons. Because both the CVP and SWP
export water from the Delta, a need for coordinated
project operations exists. The Coordinated Operation
Agreement between the Department and USBR
differentiates between storage withdrawals and
unstored flows in the Delta. Storage withdrawals
belong to the project that makes the reservoir release.
Unstored flows that are available for export are shared
between the projects--5 5 percent to the CVP andTh~ sloping intal~e structure at Oroville Reservoir allows for
45 percent to the SWE. The COA also specifies how thetemperature-selective releases of water through Hyatt Pump
projects are to share the responsibility of satisfying Sac-G~nerat~ng Plant. Shutters underneath the trashraek structure
ramento River in-basin demands and Delta requirementsare lowered into position with the gantry ~rane shoum.
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when there are no surplus flows. Under "balanced"the Stanislaus River and to diluting salts in the lower
conditions when storage withdrawals are being made,San Joaquin River. New Melones must make spring
responsibility is allocated 75 percent to the CVP andpulse flow releases to meet Delta fishery requirements.
25 percent to the SWP. The sharing of responsibility forExcept during flood control operations, releases are
satisfying new Delta export restrictions under Order WRmaintained below 1,500 cfs to avoid seepage effects
95-6 is not specified under the present COA. on adjacent orchard lands.

Environmental needs in the Delta, especially for
threatened and endangered fisheries, exert a strongImpacts of Reeent Events on

influence on export pumping and other water projectSu~ace Water Supplies

operations. Starting in the 1970s, project exports
were reduced during May and June to improve jure- As discussed in Chapter 2, several key events in
nile striped bass survival in the Delta. In the last de-California water have occurred since the last update of
cade, requirements to protect ESA listed fish speciesBulletin 160. Events of particular importance to surface
have led to new Delta environmental criteria and morewater supply availability include CVPIA implementation,
export constraints. Travel time to the Delta is athe 1993 winter-run chinook salmon biological
consideration in operating SWP and CVP reservoirsopinion, the MontereyAgreement, and the Bay-Delta
to meet regulatory requirements. Sometimes, a rapidAccord. The Department’s DWRSIM computer model
change in salinity conditions calls for additionalwas used to evaluate the Bay-Delta Accords impact on
release of water. Of the major Sacramento RiverCVP and SWP operations under base year (1995) and
region reservoirs, Folsom gives the quickest responsefuture year (2020) conditions. A similar operations
(about a day), while it takes 3 days for Orovillestudy, assuming D-1485 Delta standards and base year
releases and 5 days for water at Keswick Dam (fromconditions, was conducted to compare delivery
Shasta releases or Trinity River imports) to reach thecapability of the projects with the new Delta criteria.
Delta. Reservoir releases from New Melones on theThe 73-year simulations (1922-94) show how the CVP
San Joaquin River reach the Delta in about 1.5 days.and SWP would operate at current and future levels of

Stanislaus River releases from USBR’s Newdemand and upstream development if the historical
Melones Reservoir must meet prior water rights andhydrology sequence were to repeat.
provide CVP water supply. Also, some water is Based on these operations studies, Figures 3-26 and
dedicated to maintaining dissolved oxygen levels in3-27 show that delivery capabilities of the CVP (south

FIGURE 3-26 FIGURE 3-27
1995 Level Central Valley Project Delivery Capability 1995 Level State Water Project Delivery Capability

South of Delta Under D-1485 and WR 95-6 Under D-1485 and WR 95-6
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of the Delta) and SWP were significantly reduced frompercent chance of delivering 2.0 mar in any given year.
the prior Delta operating criteria to the current criteria.Under D-1485 and 1995 level demands, the SWP had a
Under D-1485 and 1995 level demands, the CVP70 percent chance of making full deliveries and a 95
had a 40 percent chance ofmaking full deliveries and a 95percent chance of delivering 2.0 mafin any given year.
percent chance of delivering 2.0 mafin any given year.UnderWR95-6 withidenticai demands, the SWP has a
Under WR 95-6 with identical demands, the CV-P has a65 percent chance of making full deliveries and an 85
20 percent chance of making full deliveries and an 80percent chance of delivering 2.0 mar in any given year.

The gated inlet structure to the SWP’s Clij~on Court Forebay in the Southern Delta.
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Together, the operations studies indicate the corn-control space. The agreement requires the flood
bined 1995 level export capability of the CVP andcontrol agency to provide a substitute water supply,
SWP declined by about 300 taf/yr on average and byunder specified conditions, if the flood control res-
about 850 taf/yr during 1929-34 drought conditions,ervarion results in a loss of supply to USBR. The
(These operations studies do not account for Deltapayback provision of this agreement was triggered
export curtailments due to concerns forauthorizedtakeby the 1997 flood. See Chapter 8 for details.
of ESA listed species. Reduction in exports due to take Conversely, Chapters 7-9 discuss several flood
limits could be significant, especially during droughtcontrol reservoirs being studied for reoperation to
periods, when the projects are unable to exportprovide some water supply benefits. Many of these
significant unstored flows or reservoir releases providingreservoirs are smaller, single-purpose flood detention
required instream flows.) Table 3-13 summarizes keyimpoundments on streams with relatively low average
changes in Delta standards, as modeled in operationsannual runoff. In many cases, physical changes to the
studies, from Bulletin 160-93 to Bulletin 160-98. existing dams, such as raising their spillways, would

be needed as part of a reoperation for water supply.
Impacts ofReservolr Reoperation on Su~ace Often, the goal at existing detention darns is to operate
Water Supplies the reservoir to enhance groundwater recharge, because

California’s large multipurpose reservoirs have beenmaintaining year-round conservation storage on a
constructed to provide a certain mix of project benefitsstream with relatively low average runoff would not
established during their planning periods. A change in abe economical. -
reservoir’s operation rules (to increase one type of ben- Providing higher reservoir minimum storage re-
efit) requires careful analysis of how the change mayquirements, another example ofreservoir reoperation, re-
affect the project’s ability to accomplish other purposes,suits in lower delivery potential during dry periods. The

Providing additional winter flood control in aincrease in required Shasta Reservoir storage to maintain
reservoir, for example, reduces the probability that itcool water for the winter-run salmon has reduced CVP
will refill after the flood season. Temporary increaseswater supply potential during drought periods. Current
in winter flood control space have been suggested atminimum storage target levels are about 1.9 m~ excep~
some of the San Joaquin River region foothill°in critical years when the target is allowed to drop to
reservoirs in the wake of the 1997 flood. However,1.2 m~ (Shasta storage dropped under 0.6 mafin the
the value of water supply in this region is high, and1976-77 drought and dropped to 1.3 maf during the
these proposals would have significant costs and water.1987-92 drought.) Providing higher reservoir carryover
supply impacts. At USBR’s Folsom Reservoir, the lo-also reduces electrical energy generation, which is often
cal flood control agency has negotiated an agreementreplaced with electricity generated from fossil fuel burn-
with USBR for an additional 270 taf of winter flooding generation plants,

TABLE 3-13

Major Changes in Delta Criteria from D-1485 to WR 95-6

Criteria Change

Water Year Classification from SRI to 40-30-30 Index

Sacramento River Flows higher Sept.-Dec. Rio Vista flows

San Joaquin River Flows new minimum flows and pulse flows

Vernalis Salinity Requirement more restrictive during irrigation season, less restrictive other months

Delta Outflow outflow required to maintain 2 ppt salinity during Feb.-June

Export Limits 35%-65% export-to-Delta inflow ratio, Apr.-May export-to-SJR inflow ratio

Delta Cross Channel Operations additional closures required
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Groundwater Supplies agencies (as described later in this section), but there are
no statewide requirements that require quantification

In an average year, about 30 percent of California’sof the resource. Much of California’s groundwater
urban and agricultural applied water is provided byproduction is self-supplied, and is not managed or
groundwater extraction. In drought years when
surface supplies are reduced, groundwater supports an

quantified by local agencies.
The following description of groundwater supplies

even larger percentage of use. The amount of wateris presented in a more general manner than was used
stored in California’s aquifers is far greater than thatfor surface water supplies, reflecting the difference in
stored i,n the State’s surface water reservoirs, althoughdata availabili~ Much of the groundwater information
only a portion of California’s groundwater resources

in this section is based on calculations, rather than on
can be economically and practically extracted for use.direct measurement. Estimating overdraft in a basin,

In evaluating California water supplies, anfor example, relies on interpretation of measured data
important difference between surface water and(water levels in wells) and interpretation of calculated

information (extractions from the basin). The ability
to assess statewide groundwater resources would
benefit greatly from additional data collection and
better access to existing data.

Base Year 8upplles

Table 3-14 summarizes estimated 1995 level
groundwater supplies. The data represent current lev-
els of groundwater production, and not necessarily the
maximum potential of statewide groundwater sup-
plies. The data include water reapplied through deep
percolation and exclude groundwater overdraft.

To help put this information in perspective, the
sidebar illustrates typical groundwater production
conditions in three hydrologic regions that rely heavily
on groundwater because their local surface water supplies

Groundwater is oj~en the only loeal souree of su#plyfor do not fully support existing development. These
desert eommunltles, regions--the San Joaquin, Tulare Lake, and Central

Coast regions--all have alluvial aquifer systems that
groundwater must be accounted for--the availabilitysupport significant groundwater development, as
of data quantifying the resource. Surface water reservoirs
are constructed to provide known storage capacities,
reservoir inflows and releases can be measured, and
stream gages provide direct measurements of flows in TABLE 3-14

surface water systems. Groundwater basins have relatively Estimated 1995 Level Groundwater Supplies

indeterminate dimensions, inflow (e.g., recharge) to by Hydrologic Region (taf)
an entire basin cannot be directly measured, and total
basin extractions and natural outflow are seldom Region Average Drought

directly measured. In addition to physical differences North Coast 263 294
San Francisco Bay 68 92between surface water and groundwater systems, Central Coast 1,045 1,142

statutory differences in the administration of the South Coast 1,177 1,371
resources also affect data availability. Entities who Sacramento River 2,672 3,218
construct surface water reservoirs must have State water San Joaquin River 2,195 2,900
rights for the facili~ and all but the smallest dams are Tulare Lake 4,340 5,970

North Lahontan 157 187regulated by the State’s dam safety program. These South Lahontan 239 273
3:equirements help define and quantify the resource. Colorado River 337 337
In contrast, groundwater may be managed by local Total (rounded) 12,490 15,780
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suggested by the information presented in the sidebar.Groundwater Basin Yield
(The data shown are typical of wells used for agricultural
or municipal production. A well used to supply an Historically, the term safe yield has been used in
individual residence would have a much smalleran attempt to describe the available supply from a
capacity. Over 90 percent of the groundwater use ingroundwater basin. Safe yield is defined in the
each of these regions is for agricultural use.) In contrast,Department’s Bulletin 118-80, Groundwater Basins in
aquifer systems in fractured rock, such as those usedCalifornia, as "the maximum quantity of water that
to supply small communities in the Sierra Nevadacan be continuously withdrawn from a groundwater
foothills, can generally support only limitedbasin without adverse effect." Adverse effect in this
groundwater development, context can include depletion of the groundwater

In these hydrologic regions water users frequentlyreserves (groundwater level decline), intrusion of water
take advantage of surface water available in wet years toof undesirable quality, impacts to existing water rights,
recharge groundwater basins. In drought years whenhigher extraction costs, subsidence, depletion of
surface water is not available, water users increase,streamflow, and environmental impacts. Historically,
groundwater pumping. For example, Friant-Kern CVPadditional extraction from a groundwater basin above
contractors maximize groundwater recharge with lessthe safe yield value has been called overdraft. Overdraft
expensive Class II supplies (wet weather water) whenis defined in Bulletin 1’18-80 as "the condition of
they are available. Member agencies of KCWA havea groundwater basin where the amount of water
developed extensive recharge facilities along the Kernwithdrawn exceeds the amount of water replenishing
River channel to take advantage of wet year flows, the basin over a period of time."

Typical Groundwater Production Conditions
The Department collects data from a statewide networkin drought years; it can also show the effects of changing

of wells to monitor long-term changes in groundwater levels,water management practices in a basin.
The network includes local agency wells and privately-owned Local conditions within the tabulated basins may deviate
wells. These data were combined with Bulletin 160 water usegreatly from the typical conditions shown below. In the Tulare
information to prepare the tabulation on typical grotmdwaterLake Region, for example, some groundwater production is
production conditions shown below. Long-term water leveloccurring from wells with pumping lifts of over 800 feet.
data can show the effects of increased groundwater extraction

Basin
Extractt’on

Well Yields Pumping L~j~s
(ta~yr) (gpm) Oeeet)

San Joaquin River Region
Madera 570 750-2,000 160
Merced 560 1,500-1,900 110
Delta Mendota 510 800-2,000 35-150
Turlock 450 1,000-2,000 90
Chowchilla 260 1,500-1,900 110
Modesto 230 1,000-2,000 90

Tulare Lake Region
Kings 1,790 500-1,500 150
Kern 1,400 1,500-2,500 200-250
Kaweah 760 !,000-2,000 125-250
Tulare Lake 670 300-1,000 270
Tule 660 NA 150-200
Westside 210 800-1,500 200-800
Pleasant Valley 100 NA 350

Central Coast Region
Salinas Valley 550 1,000-4,000 180
Pajaro Valley 60 500 10-300
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Quantifying either overdraft or safe yield isa new hydrologic equilibrium with a new perennial
inherently complex. For example, estimates ofsafe yieldyield. The establishment of a new and higher
of a basin often change over time, as more developmentperennial yield requires that adequate recharge from
occurs in a basin and extractions increase. The observedsome surface supply be induced, which may impact
effects of these extractions can cause water managersdownstream users of that supply.
to revise--either upward or downward safe yield es- In Bulletin 160-98, perennial yield is estimated as
timates based on an earlier level of development. Thethe amount of groundwater extraction that has taken
safe yield definition is limited because it tends toplace, or could take place, over a long period of time
imply a fixed quantity of water that can be extractedunder average hydrologic conditions without lowering
on an annual basis without regard to how the overallgroundwater levels. Existing basin water management
supply might be enhanced through basin management,programs (1995 level of development) were evaluated
This update of the California Water Plan uses perennial in the development of perennial yield estimates.
yield rather than safe yield to define long-term ground- Overdra~. Additional annual extraction from a
water basin yield, groundwater basin over a long period of time above

Perennial Yield. Perennial yield is the amount ofthe annual perennial yield is defined as overdraft in
groundwater that can be extracted without loweringBulletin 160-98. In wet years, recharge in developed
groundwater levels over the long-term. Perennial yieldgroundwater basins tends to exceed extractions.
in basins where there is hydraulic connection betweenConversely, in dry years, groundwater basin recharge
surface water and groundwater depends, in part, ontends to be less than groundwater basin extraction. By
the amount of extraction that occurs. Perennial yielddefinition, overdraft is not a measure of these annual
can increase as extraction increases, as long as thefluctuations in groundwater storage volume. Instead,
annual amount of recharge equals or exceeds theoverdraft is a measure of the long-term trend associated
amount of extraction. Extraction at a level that exceedswith these annual fluctuations. The period of record
the perennial yield for a short period may not result inused to evaluate overdraft must be long enough to
an overdraft condition. In basins with an adequateproduce data that, when averaged, approximate long-term
groundwater supply, increased extraction may establishaverage hydrologic conditions for the basin. Table 3-15

TABLE 3-15

1995 and 2020 Level Overdraft by Hydrologic Region (taft

1995 2020

Region                   Average Drought Average Drought

North Coast 0 0 0 0

San Francisco Bay 0 0 0 0

Central Coast 214 214 102 102

South Coast 0 0 0 0

Sacramento River 33 33 85 85

San Joaquin River 239 239 63 63

Tulare Lake 820 820 670 670

North Lahontan 0 0 0 0

South Lahontan 89 89 89 89

Colorado River 69 69 61 61

Total (rounded) 1,460 1,460 1,070 1,070
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shows the Department’s estimates of 1995 andthe San Felipe Tunnel since 1986; other parts are now
2020-1eve1 groundwater overdraft by hydrologicable to receive SWP water through the Coastal Branch
region. Within some regions overdraft occurs in well-of the California Aqueduct. These imported supplies
defined subareas, while additional groundwater devel-should help reduce overdraft in the region.
opment potential may exist in other subareas.

For the 1995 base year, Bulletin 160-98 estimatesGroundwater Management Programs

a statewide increase in groundwater overdraft (160 tar) Groundwater basin management may be imple-
above the 1990 base year reported in Bulletin 160-93.mented to achieve a variety of objectives, including
Most of the statewide increase in overdraft occurred inlimiting groundwater overdraft or well interference,
the San Joaquin and Tulare Lake regions, two regionspreventing seawater intrusion, controlling land
where surface water supplies have been reduced insubsidence, or managing migration of contaminants
recent years by Delta export restrictions, CVPIAof concern. Because no two groundwater basins are
implementation, and ESA requirements. CVP contractorsidentical, local agency groundwater basin management
who rely on Delta exports for their surface water supplyprograms differ in purpose and scope. Typical local
have experienced supply deficiencies of up to 50 percentgroundwater management strategies include monitoring
subsequent to implementation of export limitationsgroundwater levels and extractions; cooperative
and CVPIA requirements. Many of these contractorsarrangements among pumpers to minimize or eliminate
have turned to groundwater primping for additionalproblem conditions; and, where applicable, conjunctive
water supplies. This long-term increase in groundwateruse. Groundwater management options include AB
extractions exacerbated a short-term decline in water3030 plans (Water Code Section 10750, et seq.), local
levels as a result of the 1987-92 drought, ordinances, and legislative authorization for individual

As shown in Table 3-15, groundwater overdraft isspecial districts. Rights to use groundwater also may
expected to decline from 1.5 mafto 1.1 mafstatewidebe adjudicated by court action.
by 2020. Overdraft in the Central Coast Region is Reasons for Basin Management. Overdraft in a
expected to decline as demand shifts from groundwaterbasin, or intensive local pumping in one part of a
to imported SWP supplies, provided through thebasin, can cause problems in addition to those associated
recently completed Coastal Branch of the Californiawith insufficient water quantity. Some of the most
Aqueduct. The reduction in irrigated acreage in drainagecommon undesirable impacts are land subsidence and
problem areas on the "west side of the San Joaquinseawater intrusion (or migration of poorer quality water).
Valley, as described in the 1990 report of the San Land subsidence caused by groundwater with-
Joaquin Valley Interagency Drainage Program, isdrawal has occurred in parts of the Central and Santa
expected to reduce groundwater demands in the SanClara Valleys and in localized areas of the south coastal
Joaquin River and Tulare Lake regions by 2020. (Aplain. An important groundwater management goal
discussion on the San Joaquin Valley Interagencyin developed areas is the prevention or reduction
Drainage Program is provided in Chapter 4.) Someof land subsidence. Land subsidence can impact
increases in groundwater overdraft are expected ininfrastructure, roads, buildings, wells, canals, stream
Sacramento, Placer and H Dorado Counties of thechannels, flood control structures (such as levees), and
Sacramento River Region. low-lying coastal or floodplain areas. Actions to monitor

The Central Coast hydrologic region includes, inand manage subsidence may include monitoring
addition to the Salinas and Pajaro Valley Basins,changes in groundwater levels, precisely surveyingland
several small basins with limited storage capaci~ Duringsurface elevations at periodic intervals to detect changes,
drought periods, water levels in these basins mayinstalling extensometers to measure the change in
decline to a point where groundwater is not usable,thickness of sediments between the land surface and
However, during wet periods, most of these basinsfixed points below the surface, recording the amount
recover, thus making application of overdraft orof groundwater extracted, recharging the aquifer to
perennial yield concepts difficult. The Department iscontrol subsidence, and determining when extraction
currently evaluating Central Coast Region groundwa-must be decreased or stopped. These management
ter use to better estimate overdraft, but this evaluationactions could be coordinated with groundwater/land
will not be completed in time for Bulletin 160-98. Partssubsidence modeling to predict future land subsidence
of the Central Coast have received CVP water throughunder various water management scenarios.
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Land Subsidence in .the San Joaquin Valley
San Joaquin Valley land subsidence was observed as earlyThe Department monitors subsidence along the California

as the 1920s. The rate of subsidence increased significantlyAqueduct, maintaining seven compaction recorders and
in the post-WWII era as groundwater extraction increased,performing periodic precise leveling along the aqueduct. The
Subsidence was especially noticeable along parts of the westdata indicate, for example, that a 68-mile reach of the
side of the valley; where land that had been used for grazingaqueduct near Mendota subsided 2 feet between 1970 and
or dry farming was converted to irrigated agriculture. By 1970,1994. Over the same time period, the aqueduct subsided
5,200 square miles in the valley had subsided more than 1approximately 2 feet along a 29-mile reach near Lost Hills,
foot. Between 1920 and 1970, a maximum of 28 feet ofandupto 1 foot in a 9-mile reach near the Kern Lake Bed. At
subsidence was measured at one location southwest ofthe time of the aqueduct’s design, the potential for San joaquin
Mendota. In the years since 1970, the rate of subsidence hasValley subsidence was recognized, and measures were taken
declined because surface water was imported to the area.to compensate for some of its impacts. Canal sections in
An increase in subsidence occurred during the 1976-77 andsubsidence-prone areas were designed with extra freeboard,
1987-92 droughts, when groundwater extraction increased dueand structures crossing the canal (such as bridges) were
to reductions in SWP and CVP supplies. Recent increases indesigned to allow them to be raised later. Even so, continued
subsidence are the result of increased groundwater extractionssubsidence a!ong the aqueduct alignment creates the need
to compensate for water supply deficiencies caused by Bay-for canal lii~ing repairs and reduces the canal’s capacity in
Delta export restrictions, ESA requirements, and CVPIA. places.

One area of particular concern is the west side ofdescribed in Chapter 7.
the San Joaquin Valle)~ where infrastructure affected LocalAgency Groundwater Management Pro-
by subsidence includes state highways, county roads,grants. The 1992 enactment of AB 3030 (Water Code
and water conveyance and distribution facilities. TheSection 10750, et seq.) provided broad general author-
sidebar provides an overview of subsidence in the area.ity for local agencies to adopt groundwater manage-

Seawater intrusion was recognized as a waterment plans pursuant to specified procedures, and to
management problem in California’s coastal areas asimpose assessments to cover the cost of implementing
early as the 1950s (see sidebar), affecting both urbanthe plans. To date, about 150 local .agencies have
and agricultural water agencies. Overextraction fromadopted AB 3030 groundwater management plans.
basins near the coast induces seawater intrusion intoUnder other groundwater management authorities,
the aquifer where the extraction occurred and leads tothere are 7 agencies with AB 255 plans and over 50
the expansion of areas of degraded water quality; asagencies with some other form of statutory authority.
pumpers relocate wells to take advantage of better quality While the number of agencies adopting AB 3030
water in deeper aquifers or in aquifers farther inland,plans increases every year, quantifying the statewide
Typically, seawater intrusion in larger basins occurs innumber of adopted plans is somewhat uncertain; there
areas where surface water supplies are limited, relativeis no requirement in the statute that agencies adopting
to the extent of water demands. In this case, a newplans file copies of those plans with the Department
supply of surface water must be provided to the area asor SWRCB. A tabulation of agencies with AB 3030
part of controlling seawater intrusion, if existing landplans, together with agencies managing groundwater
use patterns (either urban or irrigated agriculture)areunder some other authority, can be found in the
to continue. Examples of areas which have experiencedDepartment’s 1998 report to the Legislature on the
seawater intrusion problems include some of thenumber of local agencies having some form of manage-
managed basins in the highly urbanized South Coastment authority.
Region, small basins serving individual communities Special Powers Agencies and Local Ordinances.
in the Central Coast Region, and the Salinas Valley (aThe California Legislature may create special powers
highly productiveagriculturalarea). Imported suppliesagencies, such as the Fox. Canyon Groundwater
from the SWP have helped local agencies manageManagement District, or may amend the statutory
seawater intrusion in the South Coast Region; localauthority of an existing agency to allow it to manage
agencies are also increasingly turning to recycledgroundwater. Generally, these agencies are governed by
water supplies to help manage intrusion. Examples ofa board of directors that may be appointed or elected.
tocal agency efforts to control seawater intrusion are The Baldwin v. County of Tehama decision
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Seawater Intrusion in Orange County
Orange County Water District was formed in 1933 to Water Factory 21. The supply is a blend of recycled water and

protect and manage the groundwater basin that underlies thegroundwater pumped from a deep aquifer zone that is not
northwest half of the count. Groundwater supplies aboutsubject to seawater intrusion. The first blended recycled water
75 percent of OCWD’s total water demand. As the county from the plant was injected into the barrier in October 1976.
developed, increased groundwater extractions resulted in a Water Factory 21 recycles about 10 mgd and, with the
gradual lowering of the water table. By 1956, years of heavydeep well water used for blending, produces about 15 mgd.
pumping to sustain the region’s agricultural economy hadOCWD has applied for and has received a permit to modify
lowered the water table below sea level, and saltwater from thethe treatment process to allow for injection of 100 percent
ocean had encroached as far as 5 miles inland. The area ofseawaterrecycled water, eliminating the use of deep well water for
intrusion is primarily along 4 miles of coast between Newportblending. The plant’s current treatment includes chemical
Beach and Huntington Beach known as the Talbert Gap. clarification, recarbonarion, multi-media filtration, granular

To prevent further seawater intrusion, OCWD operates aactivated carbon, reverse osmosis, chlorination, and blending.
hydraulic barrier. A series of 23 muki-point injection wells 4The blended injection water has a total dissolved solids
miles inland delivers fresh water into the underground aquifercontent of 500 mg/L or lower, and meets DHS primary and
to form a water mound, blocking further passage of seawater,secondary drinking water standards.
Water supply for the Talbert Barrier is produced’at OCWD’s

confirmed the right of cities and counties to adoptthe river, canals, or ditches. However, groundwater
local regulations concerning groundwater. Moreover,extraction is not limited by the decision.
the Baldwin decision confirmed that Tehama County
has general police power to regulate groundwater andWater Marketing
water transfers, and that counties are free to adopt local
ordinances that do not conflict with State legislative In recent years, water marketing has received

mandates. The following counties have ordinancesincreasing attention as a tool for addressing statewide

regulating groundwater: Butte, Glenn, Imperial, Sanimbalances between water supply and water use.

Benito, San Joaquin, Tuolumne, and Tehama. AtExperience with water markets during and since the

least three other counties (Shasta, Sutter, and Yolo)1987-92 drought bolstered interest in utilizing

have developed ordinances, or are in the process ofmarketing as a local and statewide water supply

developing ordinances, to regulate indirect transfersaugmentation option. While water marketing

of groundwater resulting from groundwaterdoes allowwater agencies to purchase additional water

substitution programs, supply reliability during both average and drought

Basin Adjudication, In California’s adjudicated years,, water marketing does not create new water.
Therefore, water markets alone cannot meetgroundwater basins, groundwater extraction is regulated

or administered by a court-appointed watermaster. TheCalifornia’s long-term water supply needs. A discussion

court retains jurisdiction over the judgment, so partieson the use of marketing to meet future statewide water
needs is provided in Chapter 6.can appeal to the court to resolve disputes related to

their adjudicated rights. The groundwater that each wellO~7~nition of Water Market~’ng
owner may extract is determined by the court decision
as administered by the watermaster. While each court In this update of the California Water Plan, water
decision may be different, the common goal is to avoidmarketing may include:
groundwater overdraft. Table 3-16 shows a list of̄ A permanent sale of a water right by the water
adjudicated basins. Also see Figure 3-28. right holder.

While not listed in Table 3-16, groundwater and̄ A lease from the water right holder (who retains
surface water have also been adjudicated in the Santa the water right), allowing the lessee to use the
Margarita River Watershed in Riverside and San water under specified conditions over a specified
Diego Counties. Water users are required by the court period of time.
decisi~on to report to the court-appointed watermaster̄ A sale or lease of a contractual right to water suppl)~
the amount of groundwater they extract from the aquifer Under this arrangement, the ability of the holder
and the amount of surface water they divert from to transfer a contractual water right is usually con-

3-53 WATER SUPPLIES []

C--09401 0
(3-094010



The California Water Plan Update BULLETIN 160-98

FIGURE 3-28
Adjudicated Groundwater Basins

Shasta
Trinity

Plumas

Mendocino                                   :Sierr~.
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TABLE 3-16

California Adjudicated Groundwater Basins and Watermasters

County Basin Wata~master

Los Angeles Central DWR
West Coast DWR
Upper Los Angeles River Area Superior Court appointee
Raymond Raymond Basin Management Board
Main San Gabriela Nine-member board
Puente Three appointees

Kern Cummings Tehachapi-Cummings Water District
Tehachapi Tehachapi-Cummings Water District

San Bernardino Warren Valley Hi-Desert Water District
San Bernardino Basin Area One representative each from Western

Municipal Water
District of Riverside County and
San Bernardino Valley Municipal
Water District

Cucamonga Cucamonga County Water District and
San Antonio Water Company

Mojave Basin Area Mojave Water Agency

Riverside and Chino Nine-member board
San Bernardino

Riverside and San Diego Santa Margarita River Watershed District Court appointee

Siskiyou Scott River Stream System Two irrigation districts

Ventura Santa Paula Three-person Technical Advisory Committee

a The watermaster for Main San Gabriel Basin has returned to court and obtained approval of regulations to control extraction for protecting groundwater quality.

tingent upon receiving approval from the supplier,another. And through changes in type of use, water
An example of this type of arrangement is a sale ormarketing options can reallocate supplies from one
lease by a water agency- that receives its supply fromwater use sector to another. FinallN for a given place
the CVP, SWP, or other water wholesaler, and type of use, water marketing options can reallocate
Water marketing is not an actual statewide sourcesupplies between average years and drought years.

of water, but rather is a means to reallocate existing A transfer of water through a local exchange is not
supplies. Therefore, marketing is not explicitly itemizeddefined as water marketing in this update of Bulletin
as a source of water supply from existing facilities and160. Water exchanges between individual water users
programs in the Bulletin 160 water budgets. (Waterwithin a water district are common in drought years,
marketing agreements in place by 1995 are considered toand such transfers are becoming increasingly common,
be existing programs and are implicitly part of the watereven in average years. Water exchanges between users
budgets.) Water marketing is identified as a potentialwithin a district normally do not require approval from
water supply augmentation option in the Bulletin 160the SWRCB because a change in the place of use,
water budgets (see Chapter 6). Potential waterpurpose of use, or point of diversion does not occur.
marketing options have several characteristics that must Water banking, where water is physically banked
be captured in the water budgets incorporating suppliesor stored without a change in ownership, is also not
from future management options. For example,defined as water marketing in this Bulletin. For example,
through changes in place of use, water marketing optionsWarren Act contracts, where local agencies contract
can reallocate supplies from one hydrologic region towith USBR for storage or conveyance of non-project
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water in federal facilities, only involve the rental ofof water under more than 300 short-term agreements.
facilities for storage or conveyance. On the other hand,About half of that water came from fallowing agree-
ifa water banking agreement does involve a change inments. About 30 percent came from groundwater
ownership, it is defined as water marketing in thissubstitution arrangements made with participating
Bulletin. For example, an agreement betweenfarmers and water districts. The remainder of the
MWDSC and SemitropicWater Storage District allowswater came from reservoir storage.
MWDSC access to 35 percent of SWSD’s groundwater The 1991 DWB experience and contracts provided
storage capacity. According to the agreement,a basis for administration of the 1992 DWB. In 1992,
MWDSC may store a portion of its SWP entitlementthe Department purchased about 190 tafofwater, with
water for later withdrawal and delivery to its service area.80 percent from groundwater substitution contracts and
Alternatively, SWSD could exchange a portion of its20 percent from reservoir storage. No land fallowing
SWP entitlement water for MWDSC’s stored water, contracts were executed. These conditions allowed the

1992 DWB to operate at a significantly reduced cost
8hort- Term Agreements for water. As with the 1991 DWB, the 1992 DWB

Short-term agreements have made up the majoritywas able to acquire sufficient water to meet the critical
of water marketing arrangements in recent years,needs of all participants.
Short-term agreements (less than one year) can be an Drawing on the 1991 and 1992 DWB experiences,
effective means of alleviating the most severe droughtthe Department completed a programmatic environ-
year impacts. Short-term agreements can be executedmental impact report that evaluated different types of
on the spot market; however, water purveyors arewater marketing. The final EIR, released in 1993,
increasingly interested in negotiating longer-termcovered future drought water bank programs intended
agreements for drought year transfers. In such futureto meet water demands during drought periods over
agreements, specific water supply conditions may bethe next 5 to 10 years, on an as-needed basis. The
the triggers to determine whether water would beprogram is a water purchase and allocation program
transferred in a specific year. whereby the Department will purchase water from

Two examples of programs for acquiring waterwilling sellers and market the water to buyers under
through short-term agreements are the Droughtspecific critical needs allocation guidelines.
Water Bank and the CVPIA interim water acquisition The DWB program would be implemented as
program. These programs are discussed below. Beyondneeded for a particular year upon an executive order
these programs, data on short-term water marketingof the Governor, a decision by the Secretary for
arrangements are difficult to locate and verify. Agree-Resources, or upon a finding by the Department’s
ments executed for less than one year do not needDirector that drought or other unanticipated conditions
SWRCB approval (unless there is a change in place ofexist, that would significantly curtail water deliveries.
use or point of diversion) and thus are not tracked byThe program would continue to operate until water
outside entities. Data are also difficult to evaluate, as itsupplies returned to noncritical levels.
is often difficult to distinguish between exchanges and tn 1994, the Department reactivated the DWB
marketing arrangements, and also initiated a short-term water purchase program

Drought Water Bank. In 1991, after four con- for SWP contractors. More than 170 tafofwater was
secutive years of drought, the Governor signed an ex-delivered to cities and farms throughout the State.
ecutiveorder establishingaDroughtActionTeam.TheAbout 115 tafwas delivered from the DWB and 58
first emergency drought water bank was created in re-taf was delivered from the short-term water purchase
sponse to the team’s recommendations. The Depart-program. A comparison of the three DWBs is shown
ment operated the DWB in coordination with otherin Table 3-17.
agencies, including USBR, SWRCB, DFG, andlocal gov- The Department began to organize a 1995 DWB
ernments. DWB’s primary role was to purchase waterin September 1994, anticipating another drought year.
from willing sellers and sell it to entities with criticalBy mid-November, water agencies had signed contracts
needs. Sellers made water available to DWB by fal-with the Department to purchase water from DWB
lowing farmland, releasing surplus reservoir storage,for critical needs. The Department established DWB in
and by substituting groundwater for surface supplies,an inactive status, with the intent of activating it if 1995

During 1991, the DWB purchased about 820 tafprecipitation was below normal. While in inactive
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TABLE 3-17
Drought Water Bank Purchases and Allocations (taf)

1991 1992 1994a

Supply
Purchases 821 193 222
Delta and instream fish requirements (165) (34) (48)
Net supply 656 159 174

Allocation
Urban 307 39 24
Agricultural 83 95 150
Environmental -- 25 --
SWP Carryover 266 -- --
Total Allocation 656 159 174

Selling Price (Slur)b 175 72 68

a Includes deliveries for the SWP.

b Price to buyers south of the Delta at Banks Pumping Plant. Includes the cost of the water, adjustments for cardage losses and administrative charges. Does

not include transportation chacges whidx have ranged from $15 to $200/af, depending on the point of&llvery and other factors.

status, DWB purchased options on 29 tar of water̄ Acquisition of up to 45 cfs of water on Battle
from five willing sellers. As a result of an abundance Creek for spawning and migration of winter- and
of precipitation and snowpack throughout California spring-run chinook salmon and steelhead trout;
in 1995, the DWB was not activated and thē Acquisition of up to 52.4 taf/yrofwaterforwildlife
Department did not exercise the acquired options, refuges within the San Joaquin Valley; and

Despite the success of the DWB, it is a contin-̄ Acquisition of up to 100 taf/yr of water on each
gency or drought management supply option. The of the Stanislaus, Tuolumne, and Merced Rivers
program does not provide a permanent water supply, to meet instream flows for anadromous fish and
Based upon past experience, future State-operated to help meet Bay-Delta flow and water quality
DWBs might be able to reallocate about 250 taf/yr of requirements on the San Joaquin River.
supplies during droughts. Future ESA listings and other Table 3-18 summarizes water purchases made
actions that would reduce the ability to convey waterunder the program.
through the Delta could reduce the amount of water
available from the DWB. Long- Term Agreements

CVP Int~4m WaterAequlm’don Program. Short- Table 3-19 presents several long-term agreements
term water marketing arrangements have provided sup-completed in recent years. Long-term agreements
plies to meet CVPIA fish and wildlife water requirements,currently being negotiated are presented as future
An interim water acquisition program was establishedwater management options and are discussed in Chap-
to acquire water while long-term planning for supple-ter 6.
mental fishery water acquisition and refuge water One of the terms in the SWP’s Monterey Agree-
supply acquisition continued. The program, a jointment was that agricultural contractors would make
effort by USBR and USFWS, was to be in place from130 tafofSWP annual entitlement available through
October 1995 through February 1998, as initially en- permanent sale to urban contractors (on a willing
visioned in its environmental documentation. A 1995buyer-willing seller basis). In 1997, KCWA
environmental assessment and finding of no significantconcluded sale of 25 taf to MWA. KCWA is also in
impact for the interim program addressed the regionalthe process of selling up to 7 tafofannual entitlement
impacts associated with four categories of waterto Zone 7 WA. Entitlement transfers among CVP con-
acquisition. The four categories were: tractors are also taking place. In 1997, USBR corn-
¯ Acquisition of up to 13.1 taf/yr of water for pleted an environmental assessment for a proposed

wildlife refuges in the Sacramento Valley; long-term, 25-year transfer of 25 taf/yr of water from
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TABLE 3-18

CVP Interim Water Acquisition Program Purchases

Water Purchases (taJ)

Seller 1995 1996 1997 Purpose

Pacific Gas and Electric 8.4 12.3 9.2 Battle Creek instream flow

Oakdale & South San Joaquin IDs -- -- 50.0 Stanislaus and lower San Joaquin River
instream flows

Modesto ID -- -- 5.0 Tuolumne and lower San Joaquin River
instream flows

Merced ID -- 16.2 45.3 Merced and lower San Joaquin River
instream flows

SJR Exchange Contractors 25.0 30.3 40.0 Level 4 refuge supply; lower San Joaquin
River instream flows

Semitropic WSD 5.2 4.3 -- Level 4 refuge supply

Yuba County WA -- -- 25.0 Level 4 refuge supply

Coming, Proberta, & Thomes Creek WDs-- -- 4.8 fevel 4 refuge supply

Total 38.6 63.1 179.3

Westside Water District to the CCWD. In addition to the MWDSC-IID water conserva-
Banking project water outside of an SWPtion agreement shown in Table 3-19 (described in

contractor’s service area for later use within its serviceChapter 9), MWDSC has executed an agreement for
area is also provided for in the Monterey Agreement.groundwater banking in Arizona. Under an existing
Semitropic WSD has developed a groundwater storageagreement between MWDSC and the CentralArizona
program with 1 mar of storage capacity. Under thisWater Conservation District, MWDSC can store a
program, an SWP contractor may negotiate anlimited amount of unused Colorado River water in
agreement with SWSD to deliver SWP water toArizona for future use. The Southern Nevada Water
SWSD for in-lieu groundwater recharge. At theAuthority is also participating in the program. The
contractor’s request, groundwater would be extractedagreement stipulates that MWDSC and SNWA can
and delivered to the California Aqueduct, or otherwisestore up to 300 tar in central Arizona any time before
exchanged for entitlement. Currently, MWDSC and2001. To date, MWDSC has placed 89 tafofwater in
SCVWD each have long-term agreements withstorage and SNWA has placed 50 tafofwater in storage
SWSD for 350 tafofstorage, Alameda County Waterfor a total of 139 ta£. About 90 percent of the stored
District has an agreement for 50 tar and Z7WA haswater can be recovered, contingent upon the declaration
an agreement for 43 taf. of surplus conditions on the Colorado River. When

TABLE 3-19

Recently Completed Long-Term Water Marketing Agreements

Partld#ants Region(s)

Westside Water District, Colusa County Water District Sacramento River
Semitropic Water Storage District, Santa Claka Valley.Water District Tulare Lake, San Francisco Bay

¯ Semitropic Water Storage District, Alameda County Water District Tulare Lake, San Francisco Bay
.SemitropicWater S)orage District, Zone 7 Water[Agency Tulare Lake, San Francisco Bay
"Semitropic Water Storage Distr.ict, Metropolitan Water District of Southern CaliforniaTulare Lake, South Coast
Kern County Water Agency, Mojave Water Agency Tulare Lake, South Lahontan
Arvin-Edison Water Storage District, Metropolitan Water District of Southern CaliforniaTulare Lake, South Coast
Mojave Water Agency, Solano County Water Agency South Lahontan, San Francisco Bay
Imperial Irrigation District, Metropolitan Water District of Southern California Colorado River, South Coast
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MWDSC is able to draw on this source, it can divertproduces new water supply. Bulletin 160 counts wa-
up to a maximum of 15 tar in any one month. Theter that would otherwise be lost to the State’s hydro-
stored water would be made available to MWDSC bylogic system (i.e., water discharged directly to the ocean
Arizona foregoing the use of part of its normal supplyor to another salt sink) as recycled water supply. If
from the Central Arizona Project. MWDSC plans towater recycling creates a new demand which would
recover the stored water at times in the future when itsnot otherwise exist, or if it treats water that would
Colorado River Aqueduct diversions may be limited,have otherwise been reapplied by downstream entities

or recharged to usable groundwater, it is not consid-
Water Recycling ered newwater suppl~ Water recycling also provides mul-
and Desalting Supplies tiple benefits such as reduced wastewater discharge

Water recycling is the intentional treatment andand improved water quality and may be implemented

management ofwastewater to produce water suitablefor these purposes in addition to water supply.

for reuse. Several factors affect the amount ofwastewaterWater Recycling Status
treatment plant effluent that local agencies are able to
recycle, including the size of the available market and The Department, in coordination with the
the seasonality of demands. Local agencies must planWateReuse Association of California, conducted a
their facilities based on the amount oftreatment plantsurvey of 1995 water recycling to update the
effluent available and the range of expected service areaassociation’s 1993 survey of local agencies’ planned

demands. In areas where irrigation uses constitute thewater recycling. The 1993 survey was used in Bulletin
majority ofrecycled water demands, winter and summer160-93 to estimate recycling potential. Bulletin
demands may vary greatl)~ (Where recycled water is160-98 uses 1995 data. The 1993 survey had 111
used for groundwater recharge, seasonal demands arerespondents. The 1995 survey had 230 respondents.
more constant throughout the year.) Also, since waterSurvey data are provided in Appendix 3A.

recycling projects are often planned to supply certain The survey analyzed three levels of project de-

types of customers, the proximity of these customersvelopment--base, planned, and conceptual. Projects

to each other and to available pipeline distributionin the conceptual stage are not yet defined and are

systems affects the economic viability of potentialdeferred in this Bulletin from further evaluation. Total
recycling projects, water recycling in 1995 is estimated to be 485 taf/yr,

Technology available today allows many municipal
wastewater treatment systems to produce water supplies
at competitive costs. More stringent treatment
requirements for disposal of municipal and industrial
wastewater have reduced the incremental cost for
higher levels of treatment required for recycled water.
The degree of additional treatment depends on the
intended use. Recycled water is used for agricultural
and landscape irrigation, groundwater recharge, and
industrial and environmental uses. Some uses are
required to meet more stringent standards for public
health protection. An example is the City of San Diego’s
planned 18 mgd wastewater repurification facility.
This project (described in Chapter 5) would produce
about 16 taf/yr of repurified water to augment local
municipal supplies. If implemented, the project
would be’ California’s first indirect potable reuse
project that discharges treated water directly into a
surface reservoir without percolation or injection into
a groundwater basin. Water supplied by the City of San Luls Obispo’s water

The use of recycled water can lessen the demandreclamation #lant is used to provide iustream flows in San
for new water supply. However, not all water recyclingLuls Oblspo Creek.
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with 323 taf/yr being new water stipply. (The surveyto 407 taf/yr. All new recycled water is expected to be
reported 450 taf/yr of base water recycling. Whileproduced in the San Francisco Bay, Central Coast, and
most agencies responded, not all water recycling wasSouth Coast regions. Table 3-22 shows projections of
reported and data from the survey were augmented bypotential water recycling opdons and resulting new wa-
additional data where available.) As shown in Table 3-ter supply based on the 1995 survey.
20, recycling projects do not generate new water By 2020, water recycling options could bring
supply in the State’s interior regions. In thesetotal water recycling potential to over 1.4 maf/yr and
regions, treated water from recycling projects wouldcould generate as much as 1.1 maf/yr of new supply; if
otherwise be used by downstream entities or wouldwater agencies implemented all projects identified
be recharged to usable groundwater, in the survey. Future water recycling options are

The 1993 survey respondents reported plans todiscussed in Chapter 6 and in the regional chapters.
recycle more than 650 taf/yr ofwater by 1995. This level
ofrecycling did not materialize. The most obvious reasonSeawater Desal~’ng

for the shortfall between 1993 projections for 1995 and Total seawater desalting capacity is currently about
the actual 1995 recycling was because the 1993 survey8 taf/yr statewide. Most existing plants are small (less
was administered when the memory of the 1987-92than 1 taf/yr) and have been constructed in coastal
drought was vivid. When asked about factors thatcommunities with limited water supplies. The Santa
influence water recycling decisions, respondents reportedBarbara desalting plant, with capacity of 7.5 taf/yr, is
that "memory of the last drought" and "concern overcurrently the only large seawater desalting plant. The
long-term supply" were most likely to influence recyclingplant was constructed during the 1987-92 drought and
decisions. Financial problems and the recession wereis now on long-term standby. In the 1995-1evel water
identified as least likely to affect recycling decisions inbudget, 8 tar of seawater desalting is included as a
the 1995 surve)< Existing use of recycled water is showndrought year supply. In the 2020-level water budget,
by category in Table 3-21. 8 taf of seawater desalting is included as average and

Water Recycling Potential
drought year supplies.

By 2020, total water recycling is expected to increaseW8ter Qus|ity
from 485 taf/yr to 577 taf/yr, due to greater production A critical factor in determining the usability and
at existing treatment plants and new production at plantsreliability of any particular water source is water
currently under construction. This base production isquality. Water has many potential uses and the water
expected to increase new water supplies from 323 taf/yrquality requirements for each use vary. The quality

TABLE 3-20

1995 and 2020 Level Water Recycling by Hydrologic Region (taf)
With Existing Facilities and Programs

1995 2020

Region             Total Water New Water Total Water New Water
Recycling Supply Recycling Supply

North Coast 13 13 13 13
San Francisco Bay ’ 40 35 42 37
Central Coast " 19 " 18 36 34
South Coast 263 = 207 331 273
Sacramento River ’ 12, 0 15 0
San Joaquin River 37, .... 0 39 0
Tulare Lake , : 51 . 0 51 0
North Lahontan 8 8 8 8
South Lahontan 27 27 27 27
Colorado River 15 15 15 15
Total 485 323 577 407
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San Frandseo’s Hetch Hetchy Aqueduct system develops its water supply ~om the Sierra Nevada at Yosemite National Park.
High elevation Sierra sources typically have low levels of minerallzation. Heteh Hetchy water may be stored in Crystal Springs
Reservoir on the San Frandseo Peninsula where publlc access and land use are managed to protect water quality.

TABLE 3-21 needed to irrigate landscaping, for example, is lower
1995 Level Total Water Recycling by Category than that required for human consumption or for

making computer chips. Sometimes, different water
Category Amount Percent of uses may have conflicting water quality requirements.

(taft Total Water temperatures ideal for crop irrigation may be
Agricultural I~rigation 155 32 unsuitable for fish spawning.
Groundwater Recharge 131 27
Landscape Irrigation 82 17

Ovetwlew of Pollutants and Stressors CausingIndustrial Uses 34 7
Environmental Uses 15 3 Water Quality Impairment
Seawater Intrusion Barrier 5 1 Mineralization. When water passes over andOthera 63 13
Total 485 100 through soils, it picks up soluble minerals (salts) that

a Includes snow making, dust suppression, fire fighting and are the result of natural processes such as geologic
recreational ponds, weathering. As the water passes through a watershed

and is used for various purposes, concentrations of
dissolved minerals and salts in the water increase, a

TABLE 3-22
process called mineraliiation. For example, Sierra

2020 Level Total Water Recycling and Nevada streams typically pick up 20 to 50 mg/L of
New Water Supply (taf) dissolved minerals from the valley floors on their way

to the Pacific Ocean, which is equivalent to about 50
Projects Total New Water

Water Recycling Supply to 140 pounds of salts per acre-foot. An acre-foot of

Base 577 407 water with total dissolved solids of 736 mg/L (a con-
Options 835 655 ce .ntration typical of water in the lower Colorado River)
Total 1,412 1,062 contains one ton of salt. Increased concentrations of
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minerals can result from both urban and agricultur~ . The lake is.in the early stages of eutrophication and, if
water uses.                             ~         . it continues, the lake’s clarity will be significantly

. In the D~Ita, the export location for much ofreduced in 20 to 40 years.. Development of the basin’s
California’s water suppl~; sea water intrusion is a majorerodible land, as well as construction of highways,
sourceofmineralization. Sea water intrusion in the Deltastreets, and logging roads, .mobilizes phosphorous
elevates the salinity (particularly the concentrations ofand nitrogen compounds deposited in the lake,
sodium, chloride, and bromide) of fresher river waterspurring algae growth. Algae and suspended sedi-
entering the Delta. Bromides are of particular concernmerits cloud the lake and reduce its transparency.
because they contribute to formation of disinfectionThe combination of the lake’s large volume and the
by-products when the water is treated~for drinking. Thelow inflow relative to volume aggravates the impacts
impact of sea water intrusion is especially significantof phosphorous and nitrogen loading because there
during periods of low river flows. For example duringis virtually no flushing action.
the 1987-92 drought, the average TDS concentration Temperature and Turbidity. Temperature is im-
in the lower Sacramento River was 108 mg/L. In theportant to aquatic organisms and has been especially
lower San Joaquin River, the average was 519 mg/L,of concern for salmonid spawning in rivers such as
and at Banks Pumping Plant, the southern Deltathe Sacramento River. Turbidity also affects aquatic
export location of the SWP, the average was 310 mg/L.organisms and water treatment plant operations.
During the wetter years from 1993 to 1995, the averageSigni~cant turbidity increases are observed in rivers
TDS concentration in the lower Sacramento Riverand streams during periods of high storm runoff.
was 98 rag/L, while the average TDS was 342 mg/LPhytoplankton abundance is affected by increased
in the lower San Joaquin River and 236 mg/L at Banksturbidi~ and increased turbidity requires increased
Pumping Plant. ’ chemical addition or changes in operation of water

Some water agencies south of the Delta blendtreatment plants.
Delta water supplies with other more saline water. El- Abandoned Mines. Runoff from abandoned
evated TDS levels limit agencies’ ability to recycle wa-mines is a major source of heavy metals such as nickel,
ter. Agencies must meet customer objectives for TDSsilver, chromium, lead, copper, zinc, cadmium, mer-
and comply with discharge requirements. Increasedcury, and arsenic in surface waters. Iron Mountain
TDS levels may limit their ability to do so. Agencies’Mine on Spring Creek above Keswick Reservoir on the
ability to store water for future use through ground-Sacramento River and Penn Mine above Camanche
water recharge or conjunctive use programs dependsReservoir on the Mokelumne River are examples of
on the TDS of the source water. RWQCB basin plansabandoned mines that drain into major watersheds.
generally require that water used for recharge notHistorically, periodic fish kills occurred at these sites
degrade existing groundwater quality. Increased TDSwhen acidic mine drainage with elevated levels ofheavy
levels increase salt loadings to groundwater basins andmetals flowed into surface waters. Remedial actions
may ultimately limit the use of the existing groundwater,have been in various stages of progress at these sites for

Eutrophication. Eutrophication results when many years. Concentration of heavy metals well be-
nutrients such as nitrogen and phosphorus are addedlow levels of concern for humans can be acutely toxic
to surface waters. In the presence of sunlight, algaeto aquatic species. Much of the heavy metals load-
and other microscopic organisms use the availableing in the Sacramento River is thought to come from
nutrients to increase their populations. Slightly orabandoned mines in the upper watershed. In the
moderately eutrophic water can support a complex webdrought years of 1991 and 1992, the CVP contrib-
of plant and animal life. However, water containinguted 125 tafofwater to dilute this metals loading.
high concentrations of microorganisms is undesirable Pathogens. Cryptasporidium parvum outbreaks
for drinking water and other needs. Some microor-have been documented in many places throughout the
ganisms can produce compounds that, while notworld. Table 3-23 lists some of the most significant
directly harmful to human health, may cause taste andoutbreaks documented in recent years. In 1993,
odor problems in drinking water, approximately 403,000 persons in Milwaukee,

Eutrophication is of great concern at Lake Tahoe,Wisconsin, became ill from cryptosporidiosis (the
where stringent regulatory controls have been imposeddisease caused by Cryptasporidium) in their water
to maintain the lake’s unique clarity or halt its decline,supply. Approximately 100 deaths resulted from this
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TABLE 3-23
Significant Cryptosporidium Outbreaks

Year Loeatlon Reported Cases Reported Deaths

1984 Braun Station, Texas 2,000 --
1987 Carrollton, Georgia 13,000 --
1989 Thames River area,, England 100,000 --
1992 Jackson County, Oregon 15,000 --
1993 Milwaukee, Wisconsin 403,000 100
1994 Las Vegas, Nevada 78 16

outbreak. The suspected sources of Cryptosporidiumthe only California water retailer exempted from
were cattle wastes, slaughterhouse wastes, and sewagefiltration requirements.
carried by rivers tributary to Lake Michigan, the drink- Besides Giardia and Cryptosporidium, there are
ing water source. This outbreak was associated withmany other disease-causing viruses, bacteria, and
operational deficiencies in the water treatment plantprotozoans. Table 3-24 lists some waterborne diseases
and presents a compelling example of the importanceof concern in the United States.
of maintaining the quality of source waters. Dislnfeetion By-Products. As water passes over

More significantly, the 1994 Cryptosporidiumand through soils, it also dissolves organic compounds
outbreak in Las Vegas, Nevada was the first docu-(including humic and fulvic adds) present in the soil as
mented epidemiologically-confirmed waterbornea result of plant decay High levels of these compounds
outbreak from a water system with no associatedcan be present in drainage from wooded or heavily
treatment deficiencies or breakdowns. During thisvegetated areas and from soils high in organic content.
outbreak, 78 immunocompromised persons becameChlorine, when used as a disinfectant in drinking
ill ofcryptosporidiosis, even when no Cryptosporidiumwater treatment, reacts with these organic compounds
was detected in the treated drinking water, to form DBPs such as trihalomethanes and haloacetic

State and federal surface water treatment rulesacids. Where present, bromide enters the reaction to
require that all surface water supplied for drinkingproduce bromine-containing DBPs. Table 3-25 lists
receive filtration, high level disinfection, or both, tosome potential DBPs, or chemical dasses of DBPs,
inactivate or remove viruses and protozoan cysts suchwhich may be produced during disinfection of drinking
as Giardia lamblia. However, if a water supply meetswater. A maximum contaminant level for total THMs
certain source water quality criteria and a watershedfor drinking water has been established by EPA and by
management program exists to provide protectionDHS, in accordance with the federal and State Safe
against these pathogens, the public water purveyor mayDrinkingWater Acts. The current MCL for totalTHMs
receive an exemption from filtration requirements,in drinking water is 0.10 mg/L; no MCL for haloacetic
The City and County of San Francisco is currentlyacids is currently in effect. Under EPA’s proposed

TABLE 3-24

Some Waterborne Diseases of Concern in the United States

Disease Mieroblal Agent

Amebiasis Protozoan (Entamoeba histolytica)
Campylobacteriosis Bacterium (Campyl0bacterjejum)
Cholera Bacterium (l~brio cholerae)
Cryptosporidiosis Protozoan (Cryptosporidiumparvum)
Giardiasis Protozoan ( Giardia lamblia)
Hepatitis Virus (hepatitis A)
Shigellosis Bacterium ( Shigella species)
Typhoid Fever . Bacterium (Salmonella ~ypht)
Viral Gastroenteritis Viruses (Norwalk, rotavirus, and other ~ypes)
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TABLE 3-25 be a more potent carcinogen thanTHMs and haloacefic
Disinfectants and Disinfection By-Products acids. A new MCL of 0.01 mg/L for bromate is

expected to be effective in late 1998.
Dislnf~etant Potentlal DBPs or Agricultural Pollutants. Pollutants from agricul-

Classes of DBPs rural areas are generally of the nonpoint variety, mean-
Chlorine Trihalomethanes ing their sources are usually diffuse and are not readily

Halogenated acids subject to control. Agricultural runoff may contain
Haloacetonitriles chemical residues, trace elements, salts, nutrients, and
Halogenated aldehydes elevated concentrations of organic compounds which
Halogenated ketones may be converted to DBPs in drinking water. Patho-
Chloropicrin gens from dairies and livestock operations can enter
Chlorinated phenols waterways through agricultural runoff. Sediments from

~ land tillage and forestry activities can enter waterways,
Chloramine Trihalomethanes obstructing water flow and affecting the survival and

Halogenated acids reproduction of fish and other aquatic organisms.
Haloacetonitriles Drainage from some agricultural lands in the San
Halogenated aldehydes Joaquin Valley contains high concentrations of salts
Halogenated ketones and sometimes concentrations of pesticides and trace
Chloropicrin elements. This water quality problem is exacerbated
Chlorinated phenols when salts are recirculated as Delta water is delivered
Cyanogen chloride to the San Joaquin Valley to irrigate agricultural lands,
~ " and then is returned to the Delta through the San

Ozone Bromate Joaquin River.
Brominated acids The TOC level of water is generally a good indi-
Formaldehyde cation of its propensity to form DBPs during water
Acetaldehyde treatment. Rivers passing through the Delta pick up
Other aldehydes, organic matter, due to the contribution of agricultural
Carboxylic acids drainage from peat soils. As Sacramento River water
Hydrogen peroxide passes through the Delta, its THM formation potential

Chlorine dioxide Chlorite increases almost threefold by the time it reaches Banks
Pumping Plant.

Urban Pollutants. Urban pollutants can come
Disinfectant/Disinfection By-Product Rule, thefrom both point and nonpoint sources. Nonpoint
maximum contaminant level for THMs will besources of pollution include recreational activities,
lowered from 0.1 to 0.08 mg/L in Stage 1 and to 0.04drainage from industrial sites, runoff from streets and
mg/L in Stage 2. Stage 1 and Stage 2 of the rule arehighways, discharges from other land surfaces, and
to be promulgated in November 1998 and May 2002,aerial deposition. In California, storm water runoff, a
respectively. Stage I of the rule also requires conven-major source ofnonpoint source pollution, is regulated
tional surface water treatment systems to remove aby SWRCB on behalfofEPA.
percentage of the DBP precursors in the influent (as Municipal and industrial wastewater discharges are
measured by TOC). A new MCL of 0.06 mg/L for point sources of urban pollution. Most industries in
hatoacetic acids is also expected to become effectiveCalifornia discharge to a publicly-owned wastewater
in late 1998. treatment plant and only indirectly to the environment.

Ozone is a powerful oxidant widely use~d for drink-These industries are required to pretreat their industrial
ingwater disinfection. Its advantages are that it efficientlywaste prior to its discharge to municipal wastewater
kills pathogens such as Giardia and Cryptosporidium, treatment plants. Like municipal discharges, industrial
destroys tastes and odors, and minimizes production ofdischarges are subject to regulation through the
THMs and most other unwanted DBPs. However,National Pollutant Discharge Elimination System.
bromate is formed during ozone disinfection of watersIndustries discharging directly into the environment
containing bromide. EPA estimates that bromate mayare also required to have NPDES permits. California’s
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nine RWQCBs are responsible for enforcing compliance To evaluate the presence of MTBE in California’s
with NPDES, including pretreatment regulations,drinking water supplies, voluntary testing for MTBE
It is, however, the responsibility of the publicly-ownedwas implemented in 1996 by water suppliers in response
wastewater treatment plants accepting industrialto a DHS request. In February 1997, a regulation was
wastes to ensure that industries are complyingadopted requiring public drinking water systems to
with pretreatment requirements. RWQCBs conductmonitor their drinking water sources for MTBE as an
regular inspections on permitted discharges andunregulated chemical (a chemical for which there is
respond to public complaints on illegal discharges,no established regulatory or enforceable drinking water

Wastewater treatment facilities operated underlevel or m~imum contaminant level). Because MTBE
NPDES have, in general, been successful in maintainingis an unregulated chemical, water suppliers will be
the quality of California’s water bodies. However, themonitoring and reporting MTBE in sources of drinking
discharge permits do not regulate all constituents thatwater at least once every three years.
may cause adverse impacts. For example, the discharge The most extensive MTBE contamination of
of organic materials that contribute to the formationdrinking water sources in California was at two well
of DBPs in drinking water is not regulated. NPDESfields (Charnock and Arcadia) in Santa Monica. This
does not guarantee elimination of pathogens suchcontamination was discovered in February 1996, not
as Giardia and Cryptasporidium, which are harder long after DHS’ request for voluntary testing for
to inactivate (disinfect) than most other waterborneMTBE. These well fields supplied 80 percent of Santa
pathogens. In addition, permitted discharges canMonica’s municipal water. MTBE concentrations as
include nitrogen compounds that can be harmful tohigh as 610 mg/L were observed in the Charnock
aquatic life, cause algae growth in surface water bodies,well field and seven wells in the field were closed. In
and force downstream drinking water facilities tothe Arcadia well field, two wells were closed due to
increase their use of chlorine or to switch to alternativecontamination from an underground storage tank at
disinfection processes. Some wastewater treatmenta nearby gasoline station.
plant processes do not completely remove all synthetic As noted in Chapter 2, legislation enacted in 1997
chemicals that can be present in the water, required DHS to begin adopting primary and secondary

Many municipal wastewater treatment plants dis-drinking water standards for MTBE. The secondary
charge to surface waters which are subsequently diverteddrinking water standard for MTBE was to be estab-
for urban use. For example, the larger wastewaterlished by July 1, 1998, and the primary drinking water
treatment plants discharging to the Sacramento andstandard was to be established by July 1, 1999.
San Joaquin river systems above the Delta contribute The Office of Environmental Health Hazard
an average daily discharge volume of almost 250 mgdAssessment released a draft technical document entitled
(280 taf/yr) to the system. Public Health Goal for Methyl Tertiary Butyl Ether

Recently, there has been increasing concern about(MTBE) in Drinking Water in April 1998. This draft
contamination of drinking water sources by methyldocument provided a review of toxicological studies
tertiary butyl ether. MTBE is a compound added toand other reported data related to the adverse effects
gasoline to promote more complete combustion andof exposures to MTBE. Based on the comprehensive
reduce exhaust emissions. In California, MTBE is usedreview, OEHHA proposed to adopt a drinking water
to reduce exhaust emissions and to meet federal Cleanpublic health goal of 14 ug/L.
Air Act requirements for oxygenated gasoline. MTBE PHGs adopted by OEHHA are used by DHS in
is now being found in wells and reservoirs used forestablishing State MCLs. PHGs are based solely on
municipal water supply, scientific and public health considerations without

In drinking water, MTBE causes taste and odorregard to economic cost considerations. Drinking
problems at low concentrations. The EPA drinkingwater standards adopted by DHS also take into con-
water advisory of 20 to 40 ug/L or below to protectsideration factors related to economic and technical
consumer acceptance of drinking water (taste and odor)feasibility. PHGs established by OEI-IHA are not
would also provide a large margin of protection fromregulatory levels and represent only non-mandatory
MTBE’s carcinogenic effects and noncancer toxicity,goals. Federal law requires that MCLs established by
In California, an action level of 35 ug/L in drinkingDHS must be at least as stringent as the federal MCL
water has been issued. (if one exists).
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Establishing and Meeting Drinking Water Standards
Water Quali~y Standards

Drinking water standards for a total of 81 indi-
The establishment and enforcement of water qualityvidual drinking water constituents (Table 3-29) are in

standards for water bodies in California falls under theplace under the mandates of the 1986 SDWA amend-
authority of SWRCB and the nine RWQCBs. Thements. Using the new SDWA standard setting process
RWQCBs protect water quality through adoption ofestablished in the 1996 amendments, EPA will select
region-specific water quality control plans, commonlyat least five new constituents from the candidate list
known as basin plans. In general, water quality controlpublished in March 1998 and will determine whether
plans designate beneficial uses of water and establishto regulate them by August 2001. EPA
water quality objectives designed to protect them. Thewill publish a contaminant candidate list and select
designated beneficial uses of water may vary betweenconstituents for regulation every five years thereafter.
individual water bodies; some are listed in Table 3-26.The agency may promulgate an interim national primary

Water quality objectives are the limits or levelsdrinking water regulation for a contaminant without
of water quality constituents or characteristics whichmaking the required determination or analysis to
are established to protect beneficial uses. Because aaddress an urgent threat to public health. Selection of
particular water body may have several beneficial uses,the new constituents for regulation must be geared
the water quality objectives established must be protec-toward contaminants posing the greatest health risks.
rive of all designated uses. When setting water quality Occasionally, drinking water regulatory goals may
objectives, several sources of existing water qualityconflict. For example, concern over pathogens such as
limits are used (Table 3-27), depending on the usesCryptasporidium spurred a proposed rule requiring
designated in a water quality control plan. When moremore rigorous disinfection. At the same time, there
than one water quality limit exists for a water qualitywas considerable regulatory concern over THMs and
constituent or characteristic (e.g., human health limitother DBPs resulting from disinfecting drinking water
vs. aquatic life limit), the more restrictive limit is usedwith chlorine. If disinfection is made more rigorous,
as the water quality objective. Table 3-28 lists some
typical water quality constituents or characteristics for TABLE 3-27
which water quality objectives may be established in A Partial List of Existing Water Quality Limits
water quality control plans.

Drinking Water Maximum Contaminant Levels
Drinking Water Maximum Contaminant Level Goals

TABLE 3-26 State Action Levels and Recommended Public Health
A Partial List of Potential Beneficial Levels for Drinking Water

Uses of Water EPA Health Advisories and Water Quality Advisories
National Academy of Sciences Suggested No-Adverse-

Municipal and Domestic Supply Response Levels
Agricul,tural Supply Proposition 65 Regulatory Levels
Industrial Supply EPA National Ambient Water Quality Criteria
Groundwater Recharge
Freshwater Replenishment TABLE 3-28Navigation
Hydropower Generation A Partial List of Water Quality Constituents
Recreation or Characteristics for Which Water Quality
Commercial and Sport Fishing Objectives May Be Established
Aquaculture
Freshwater Habitat Chemical Constituents Pesticides
Estuarine Habitat Tastes and Odors pH
Wildlife Habitat Human Health and Radioactivity
Preservation of Biological Habitats of Special Ecological Toxicity

Signiiqcance Bacteria Salinity
Preservation of Rare, Threatened, or Endangered Biostimulatory Substances Sediment

Species Color Settleable Material
Migration of Aquatic Organisms Dissolved Oxygen Suspended Material
Spawning, Reproduction, and/or Early Development Floating Material Temperature
Shellfish Harvesting Oil and Grease Turbidity
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TABLE 3-29

Constituents Regulated Under the Federal Safe Drinking Water Acta

1,1 -Dichloroethylene Chromium Methoxychlor
1,1,1 -Trichloroethane cis- 1,2-Dichloroethylene, Nickel

1,1,2-Trichloroethane Copper Nitrate

1,2-Dibromo-3-chloropropane (DBCP) Cyanide Nitrite
1,2-Dichlorobenzene Dalapon Oxamyl
1,2-Dichloroethane Dichloromethane Pentachlorophenol
1,2-Dichloropropane Dinoseb Phthalates
1,2,4-Trichiorobenzene Diquat Picloram
1,4-Dichlorobenzene Endothall Polychlorinated biphenyls (PCBs)
2,3,7,8-TCDD (Dioxin) ’ Endrin Polynuclear Aromatic Hydrocarbons (PAHs)
2,4-Dichlorophenoxyacetic acid (2,4-D) Epichlorohydrin Radium 226

2,4,5-TP (Silvex) Ethylbenzene Radium 228
Acrylamide Ethylene dibromide (EDB) Selenium
Adipates Fluoride Simazine
Alachlor Giardia lamblia Styrene
Antimony Glyphosate Tetrachloroethylene
Arsenic Gross alpha particle activity Thallium
Asbestos Gross beta particle activity Toluene
Atrazine Heptachlor Total coliforms
Barium Heptachlor epoxide Total trihalomethane
Benzene Heterotrophic bacteria Toxaphene
Beryllium Hexachlorobenzene trans- 1,2-Dichloroethylene

Cadmium Hexachlorocyclopentadiene Trichloroethylene
Carbofuran Lead Turbidity

Carbon tetrachloride Leg~onella Vinyl chloride
Chlordane Lindane Viruses
Chlorobenzene Mercury Xylenes (total)
a As of February 1997.

DBP formation is increased. Poor quality source watersSource Water Protection/Watershed
with elevated concentrations of organic precursors orManagement Activities
bromides complicate the problem of reliably meeting ’
standards for disinfection while meeting standards forThe 1996 reauthorization of the federal SDWA
DBPs. The regulatory community must balance benefitsrequires states to conduct source water assessments and
and risks associated with efficient disinfection andencourages states to establish watershed protection
against higher DBP levels, programs. In response to this amendment, DHS, in

EPApromulgated its Information Collection Rulecooperation with SWRCB, is preparing a drinking
in 1996 to obtain data on the tradeoffposed by simul-water source assessment and protection program.
taneous control of DBPs and pathogens in drinkingKey elements of this program include delineation of
water. The ICR requires all large public water systemsthe area surrounding the water source, an inventory
to collect and report data on the occurrence of DBPsof possible contaminating activities, and an analysis
and pathogens (including bacteria, viruses, Giardia, andof the vulnerability of the drinking water source to
Cryptosporidium) in drinking water over an 18-monthcontamination. The program draft must be submitted
period. With this information, an assessment of healthto EPA for approval by February 1999. The assess-
risks due to the presence of DBPs and pathogens inments must be completed in 2003.
drinking water can be made. EPA can then determineCalifornia’s DWSAP program will cover both
the need to revise current drinking water filtration andgroundwater and surface water sources. Since California
disinfection requirements, and the need for morehas not developed a wellhead protection program as
stringent regulations for disinfectants and DBPs.required by the 1986 SDWA amendment, the ground-
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water portion of the DWSAP will serve as the State’swithin SWP and CVP service areas outside of the
wellhead protection program. DHS is responsible forCentral Valley. Some water quality actions being
conducting drinking water source assessments, althoughconsidered by CALFED include:
any public water agencymayperform its own assessment,̄ Reducing concentrations of heavy metals from mine
provided it conforms to DHS procedures. When a drainage entering the Delta and its tributaries.
public water agency has completed an evaluation° Reducing pollutant concentrations enterin~ the
through another program, that information may be Delta from the San Joaquin River.
submitted for the drinking water source assessment. For° Reducing vulnerability of Delta water quality to
example, drinking water utilities that utilize surface water salinity intrusion by implementing a Delta long-
sources are required under California law to perform term protection plan.
watershed sanitary surveys every 5 years. Many of thē Improving water circulation in the Delta by con-
watershed sanitary surveys completed prior to the structing seasonally operated barriers in south
DWSAP program will likely satisfy most requirements Delta channels.
of the assessment process. Local agencies that choose to° Promoting and supporting efforts of local watershed
conduct their own assessments and implement source programs that improve water qualitywithin the Delta
protection may receive financial assistance through the and its tributaries.
drinking water state revolving fund loan program. ° Reducing urban and industrial pollutants entering

The potential sources and causes of water quality the Delta and its tributaries by controlling urban
impairment vary from watershed to watershed. Table and industrial runoff.
3-30 lists potential sources and causes of water quality° Controlling discharge of domestic wastes from
impairment in a watershed, boats within the Delta and its tributaries.

A Source Water Protection Example. DHS re- ¯ Identifying and implementing actions to address
quested that the Department perform a sanitary survey pollution problems in water and sediment within
of the SWE. The Department’s 1990 initial survey and the Delta and its tributaries.
1996 update provide an example of factors considered in° Reducing pollutants entering the Delta and its
source protection studies. Table 3-31 lists some recom- tributaries from agricultural runoff.
mendations for action resulting from the sanitary survey. CALFED identified water quality parameters of

The 1996 sanitary survey identified the need toconcern to beneficial uses and set numerical or narrative
address pathogens such as Giardiaand Cryptasporidiumwater quality targets for each. These targets represent
in SWP waters. The survey recommended investigatingdesirable instream concentrations of parameters of
each watershed tributary to the SWP to evaluate theconcern and would be ~used as indicators of success to
potential sources of pathogens and to develop adetermine the effectiveness ofthe water quality actions.
coordinated microbiological monitoring and reportingHowever, the degree to which these targets are realized
system for municipal SWP contractors and agencies,will depend upon overall CALFED solutions. Targets
The Department and MWDSC have implemented amay not be fully realized because of competing CAL-
pathogen monitoring program. Under this program,FED solution requirements or because attainment of
regularly scheduled and storm event sampling fora target is technically infeasible.
Giardia, Cryptosporidium, and bacteria which serve Colorado River Water Quality. The Colorado
as general indicators of microbiological contaminationRiver is a major source of water supply to Southern
(such as Clostridiumperfringens, Escherichia coli, and California. The river is subject to various water quality
total and fecal coliforms) is conducted at sitesinfluences because its watershed is so large. Much of
throughout the SWP. the watershed is open space and agricultural lands, and

CALFED Bay-Delta Program Water Quality municipal and industrial discharges are not a significant
Planning. CALFED’s goal for water quality is to provide source of water quality degradation.
good water quality for environmental, agricultural, Perchlorate has been detected in the Colorado
drinking water, industrial, and recreational beneficialRiver. Concentrations ranging from 5 to 9 ug/L have
uses. To achieve this goal, CALFED ik developing waterbeen found in Lake Havasu. The contamination source
quality actions to address impairments of beneficialhas been traced to manufacturing facilities in the Las
uses in the Bay-Delta, Sacramento River, and SanVegas/Henderson, Nevada, area. Several federal
Joaquin River Watersheds, and in streams and riversSuperfund sites contribute to uranium contamination
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TABLE 3-30
Potential Sources and Causes of Water Quality Impairment

Source of Pollutant or Stressor Possible Sources
Contamination

Dissolved minerals Mineral deposits, mineralized waters, hot springs,
seawater intrusion

Asbestos Mine railings, serpentinite formations

Hydrogen sulfide Subsurface organic deposits, such as peat soils in Delta
islands

General Metals Mine railings
Microbial agents Wildlife

Radon Geologic formations

Sediment Forestry activities, stream banks, construction activities,
roads, mining operations, gullies

Altered flow or habitat modification Impoundments, storm water runoff, artificial drainage,
bank erosion, riparian corridor modification

Gasoline Service stations’ underground storage tanks
Commercial Solvents Dry cleaners, machine shops
Businesses

Metals Photo processors, laboratories, metal plating works

Microbial agents Sewage discharges, storm water runoff
Pesticides                                 Storm water runoff, golf courses

Municipal
Nutrients Storm water runoff
Miscellaneous liquid wastes Industrial discharge, household waste, septic tanks

SOCs, industrial solvents, metals, acids Electronics manufacturing, metal fabricating and plating,

Industrial
transformers, storage facilities, hazardous waste disposal

Pesticides Chemical formulating plants
Wood preservatives Plants that pressure treat power poles, wood pilings,

railroad ties

Solvents, pesticides, metals, organics, Disposal sites receive waste from a variety of industries,
Solid Waste petroleum wastes, microbial agents municipal solid wastes, petroleum products
Disposal household waste

Pesticides, fertilizers, concentrated Tailwater runoff, agricultural chemical applications,
mineral salts, microbial agents, sediment,fertilizer usage, chemical storage at farms and applicators’

Agricultural nutrients air strips, packing sheds and, processing plants, dairies,
feed lots, pastures

Solvents, petroleum products, microbial Earthquake-caused pipeline and storage tank failures and
Disasters agents, other hazardous materials damage to sewage treatment and containment facilities,

major spills of hazardous materials, floodwater
contamination of storage reservoirs and groundwater
sources
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TABLE 3-31

SWP Sanitary Survey Update Recommendations

Water Quality Problem Reeommendatlon

Pathogens Implement pathogen monitoring program

Disinfection By-Product Precursors Investigate possible means of reducing organic carbon levels in the Delta
(Organic Carbon) and North Bay Aqueduct

Disinfection By-Product Precursors Investigate possible means of controlling bromide concentrations in
(Bromide) SWP waters

Dissolved Solids and Turbidity in the Investigate measures to reduce salts and turbidity in the Aqueduct
California Aqueduct

Hazardous Waste Facilities Inventory hazardous waste facilities and volume of hazardous materials

Hazardous Materials Releases Review emergency responses to hazardous materials releases to determine
types/amounts of materials released and potential for contamination in
watershed

Urban Runoff Review storm water discharges from cities and urbanized areas

Barker Slough/North Bay Aqueduct Study watershed to determine sources and extent of contamination

Solid Waste Landfills Review solid waste landfills in SWP watersheds

Underground Storage Tanks Evaluate status of leaking underground storage tanks within
SWP watersheds

Petroleum Product Pipelines Review pipeline failures resulting in petroleum releases to determine
potential for SWP contamination

Emergency Action Plan Review SWP emergency action plan to ensure document is up-to-date
and functionally adequate

in the Colorado River watershed. Uranium miningCalifornia Aqueduct was 236 mg/L. When possible,
occurs in the Colorado River Basin above Lake Mead.MWDSC blends Colorado River water with SWP
As uranium decays, alpha-emitting particles are released,water or other sources to reduce salt concentrations in
Although gross alpha levels in Colorado River waterthe water delivered to customers. MWDSC’s interim
remain under current federal and State MCLs, a slightpolicy is to blend SWP water with Colorado River
upward trend in the levels has been observed, water to obtain a target TDS level between 500 and

Salts and turbidity from natural geologic formations550 mg/L, during April through September. The
and from agricultural operations are the primary formsagency will adopt a long-term blending policy
of water quality degradation in the Colorado River.following completion of a salinity management study
Unlike Delta soils, Colorado River watershed soils arein 1998 (see Chapter 7).
low in organic content. As a result, water from the The federal Colorado River Basin Salinity Control
Colorado River typically has only about one-half theAct of 1974 authorized and directed the Secretary of
capacity to produce DBPs during drinking waterthe Interior to construct facilities to control Colorado
treatment as does Water from the Delta. River salinity to meet salinity requirements expressed

Mineral concentrations in the Colorado River arein Minute 242 of the U.S. - Mexican Treaty. The act
usually much higher than those found in water takenalso directed the Secretary to expedite investigation,
from the Delta. For example, from 1993 to 1995 the planning, and implementation of a salinity control pro-
average TDS of Colorado River Aqueduct water wasgram in the United States upstream of Imperial Dam.
691 mg/L, while the average concentration in theCurrently, salinity control activities are removing over
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600,000 tons of salt per year from the river system. ToOf greater water supply concern from a statewide
maintain the 1975 federally approved salinity standardsperspective are areas of regional groundwater contami-
for the basin it is estimated that by 2010 approximatelynation--such as organics in the San Gabriel Valley or
1.5 million tons ofsalt will have to be removed each year.nitrates in parts of the San Joaquin Valley--which re-

An example of a salinity control measure in thequire a significant reconfiguration of local agency wa-
basin is USBR’s Yuma desalting plant, constructed toter supply systems. Another important consideration
treat agricultural drainage from Arizona’s Wellton-in evaluating larger-scale groundwater contamination
Mohawk Irrigation and Drainage District. The plant,problems is the treatment preference now accorded to
said to be the world’s largest reverse osmosis desalter,groundwater sources under the SDWA. Because the
has a capacity of 73 mgd. Plant construction wasSDWA is imposing more stringent requirements on
completed in 1992, and USBR began operating thetreatment of drinking water from surface sources,
plant at one-third capacity. A flood event in the Gilamany communities are planning to meet their future
River along with above normal runoffin the Coloradomunicipal needs by turning to groundwater.
River watershed in years since then has reduced the In California, nitrates in groundwater are wide-
salinity of Colorado River water, permitting the plantspread (see Chapter 5). Nitrates may enter the soil as a
to be taken off-line. Currently, agricultural drainage isresult of fertilizer application, animal waste, septic
bypassed through a concrete-lined canal to the Cienegatanks, industrial disposal, wastewater treatment plant
de Santa Clara in Mexico, as long as Minute 242 watersludge application, or other sources. Certain organisms
quality requirements are being met. Other salinityhave the capacity to take nitrogen from the air and
control measures implemented in Wyoming, Utah,convert it to nitrates. In California, the most significant
Colorado, and Nevada have included lining or pipingsource of nitrates in soils is from agricultural practices,
irrigation delivery systems, deep well injection of brines,primarily farming operations and animal husbandry.
plugging of flowing brine wells, erosion control onNitrates can move through the soil into groundwater
saline lands, and irrigation improvements, and, once there, may seriously degrade its usability.

Nitrate removal is expensive; therefore, it is often not
Groundwater Quality cost effective to treat nitrate-contaminated waters.

Groundwater pollution presents a serious challenge There has been growing concern over the potential
in California. A variety of contaminants have beenhuman health threat of pathogens in groundwater used
found in groundwater; most have been introduced byas drinking water. This concern stems from pathogens
human activities. Prominent among these are nitratessuch as Giardia, Cryptosporidium, bacteria, and viruses
and chemicals such as pesticides and solvents. Mostbeing found in well water. Several waterborne-disease
groundwater contamination sites are small and seldomoutbreaks associated with groundwater have been
affect water supplies on a regional basis. These sites mayreported outside California. Some of these outbreaks
require cessation of pumping from one or two waterare listed in Table 3-32.
supply wells, or the installation of wellhead treatment. Concern about pathogens in groundwater has led

TABLE 3-32

Waterborne-Disease Outbreaks Associated with Groundwater
Used as a Drinking Water Source, 1993-94

State Date Pathogen Organism No. of
Type Cases

Minnesota November 1993 Campylobacterjejuni Bacterium 32
Missouri November 1993 Salmonella sero~pe Typhimurium Bacterium 625
New York June 1993 Campylobacterjejuni Bacterium 172
Pennsylvania January 1993 Giardia lamblia Protozoan 20
South Dakota September 1993 Giardia lamblia Protozoan 7
Washington April 1993 Cryptosporidiumparvum Protozoan 7
Idaho June 1994 Shigellaflexneri Bacterium 33
Minnesota June 1994 Campylobacterjejuni Bacterium 19
New York June 1994 Shigella sonnei Bacterium 230
Washington August 1994 Cryptosporidiumparvum Protozoan 134
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to regulatory discussions on disinfection requirementsWater Supply Summary by
for groundwater. EPA is currently developing aHydrologic Region
Groundwater Disinfection Rule proposal for release
in March 1999, with a final rule by November 2000. This chapter described how the State’s water

Data obtained through the ICRwitl provide informationsupplies are affected by climate and hydrolog~ how

to assess the extent and severity of risk. water supplies are calculated, and how water supplies

The SDWArequiresstates to implement wellheadare reallocated through storage and conveyance
facilities and through water transfers. Also, this chapterprotection programs designed to prevent the contami-

nation of groundwater supplying public drinkingdiscussed water quality considerations that affect

water wells. Wellhead protection programs rely heavilybeneficial uses of California’s water supplies.

on local efforts to be effective, because communities Table 3-33 summarizes average year water supplies

have primary access to information on potentialby hydrologic region assuming 1995 and 2020

contamination sources and can adopt locally-basedlevels of development and existing facilities and programs.

measures to manage these potential contaminationSimilarly, Table 3-34 summarizes drought year water

sources. EPA has recommended five steps that corn-supplies by hydrologic region for existing and future
levels of development. Regional water supplies, alongmunities can take to implement wellhead protection:

¯ Form a community planning organization, with water demands presented in the following chapter,
¯ Dei~_ne rhe land area around the well to be protected,provide the basis for the statewide water budget
¯ Identify potential sources ofcontaminationwithindeveloped in Chapter 6 and regional water budgets

the area. developed in Chapters 7-9.
¯ Develop and implement a management plan to

protect the area.
¯ Plan for emergencies and future water supply needs.
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TABLE 3-33

California Average Year Water Supplies by Hydrologic Region (with existing facilities and programs, in tar)

1995                                        2020
Region            Sn~aee Groundwatera Recycled & Total SuuVace Groundwatera Recycled & Total

Desalted (rounded)
Desalted

(rounded)

North Coast 20,331 263 13 20,610 20,371 288 13 20,670
San Francisco Bay 7,011 68 35 7,110 7,067 72 37 7,180
Central Coast 318 1,045 18 1,380 368 1,041 42 1,450
South Coast 3,839 1,177 207 5,220 3,625 1,243 273 5,140

Sacramento River 11,881 2,672 0 14,550 12,196 2,636 0 14,830

San Joaquin River 8,562 2,195 0 10,760 8,458 2,295 0 10,750
Tulare Lake 7,888 4,340 0 12,230 7,791 4,386 0 12,180
North Lahontan 777 157 8 940 759 183 8 950
South Lahontan 322 239 27 590 437 248 27 710

Colorado River 4,154 337 15 4,510 3,920 285 15 4,220

Total (rounded) 65,090 12,490 320 77,900 64,990 12,680 410 78,080
a Excludes groundwater overdraft.

TABLE 3-34

California Drought Year Water Supplies by Hydrologic Region (with existing facilities and programs, in taf)

1995 2020

Region            Stoface Groundwatera - Recycled & Total Su~Va~e Groundwatera Recycled & Total
Desalted (rounded) Desalted (rounded)

North Coast 10,183 294 14 10,490 10,212 321 14 10,550

San Francisco Bay 5,285 92 35 5,410 5,417 89 37 5,540
Central Coast 160 1,142 26 1,330 180 1,159 42 1,380
South Coast 3,196 1,371 207 4,780 3,130 1,462 273 4,870

Sacramento River 10,022 3,218 0 13,240 10,012 3,281 0 13,290

San Joaquin River 6,043 2,900 0 8,940 5,986 2,912 0 8,900

Tulare Lake 3,693 5,970 0 9,660 3,593 5,999 0 9,590
North Lahontan 557 187 8 750 557 208 8 770
South Lahontan 259 273 27 560 326 296 27 650
Colorado River 4,128 337 15 4,480 3,909 284 15 4,210
Total (rounded) 43,530 15,780 330 59,640 43,320 16,010 420 59,750
a Excludes groundwater overdraft.
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Survey of Planned Water Recycling

The Department, in coordination with the Data presented in the tables represent survey re-
~! WateReuse Association of California, conducted aspondents’ maximum estimates of potential recycling.

~)
1995 survey to update the Associadoffs 1993 surveyOften, agencies reported multiple projects that may
of local agencies’ planned water recTcling. The follow-be alternatives to one another. Some repo~ted projects

~, ing tables show survey results for each of the State’shave multiple lo~al agency sponsors. Their supplies are
~ ten hydrologic regions, shown as reported by each sponsor.
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[] TABLE 3A-1 "
I Planned Water Recycling for North Coast Region

~ Project Name Agency Name Type    Total Supply New Supply Category of UseComments
(as9

Weave~ille Water Reclamation Pl~t Weave~ille CommuMV Se~ices District ~ncepmal 90 0 IndustfiM
Weave~lle CommuniV Se~ices District ConcepmM 250 0 ~&cape

To~ 34O 0



TABLE 3A-2

Planned Water Recycling for San Francisco Bay Region



TABLE 3A-2
Planned Water Recycling for San Francisco (continued)Bay Region

Project Name Agency Name Type Total Supply New Supply Category of Use    Comments
(a.19    (a~)

S0utl~ B~y Water Recydi~n~ ~Pr0je~t S0u~h Bay WaterRecy¢ling~SanJose ~ Planned 10~00.0 !0,000 Environm~nt~!..Feas~bi[ityS~udy
South Bay Water Re.cling Project ~ : South Bay Wate~ Recycllng-San Jose Planned 10,000 ’: 10~000 Industrial Feasibility Stu~!y

-South Bay W~er Rec~�ingP~r0ject . .: L ~South Bay.Wa~:~r Red/cling-San Jose Planned 10,000 10,000 ~ Landscape Feasibility Stu~y
Nonp0tab!e WastewaterlReus~Masi¢~ p!a~ i ;.~ :Un!0aSanltat~ion D~s~iict .".. i~’ - " Planned 4,03!: 4,03.! i~ -" Landscape~ ; F~asibili@Study
~o~, i.~; ~’:-~o",~,’.i::i~i’- ""~i"-.~ -:.:;;,~.~- ~", - ~ 101,1~a~, 90,aoa~.

,i. ~- ~ ~- ~

Exxon Refinery Benicia, City of - Conceptual 2,800 2,800 Industrial
Future Irrigation Central Contra Costa Sanitary District Conceptual 2,000 2,000 Landscape
Delta Diablo Primary Treatment Plant Phase IDelta Diablo Sanitation District Conceptual 1,120 1,120 Landscape
Oakland/Berkeley/I-80 Water Reclamation East Bay Municipal Utilities District Conceptual 100 100 Industrial
Project

Oakland/Berkeley/I-80 Water Reclamation East Bay Municipal Utilities District Conceptual 1,250 1,250 Landscape
Project

San Leandro Reclamation Facility-Phase 2 East Bay Municipal Utilities District Conceptual 900 900 Landscape
Carneros Napa Sanitation District Conceptual 1,000 0 Agriculture
Kennedy Golf Course Napa Sanitation District Conceptual 460 0 Landscape
Imol~Recycled Water Pipeline Installation Napa, City of Conceptual 400 0 Landscape
South County Water Reclamation Santa Clara Valley Water District Conceptual 200 0 Agriculture
South County Water Reclamation Santa Clara Valley Water District Conceptual 4,300 0 Landscape
South County Water Reclamation Santa Clara Valley Water District Conceptual 1,350 0 Other
Total 15,880 8,170
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TABLE 3A-4

Planned Water Recycling for South Coast Region (continued)

Project Name                            Agency Name                Type     Total Supply New Supply Category of Use    Comments
(aJ)
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TABLE 3A-4
Planned Water Recycling for South Coast Region (continued)

Project Name                    Agwa~y Name           Type    Total Supply New Supply Category of Use Comment~

(as9        (asg "
SouthBayWater.R~clamation Project "" ~-:iS~ Dido, Ci~ O~ ’- ’ :-- - " ~:.~-,Pl~ned .. ’:.~ 2~50ff .~- .2~500~,.-~tic~t~e ~in~ Desi~ . .

" " San Elij0 Joint Pow¢~ Au~oriV ~ - - , S~.Elijo Joint Powers Au~oriV Planned .2~200 ~" .2;200 .i:- L~pe . Fin~ D~ign

~- : :~entr~~£y water Reclamation Facili~. ~:- VMley Center M~mcipi Water District .Pl~n£d.-i-. .... - 7001: ::. ~ " 0 ~griculture" FinM D~i~

~
’" :~ Lower Moo~ C~on W.R:F.-Exp~iion .:: -- . V~ey-Center Municip~ ~ater Dis~ict ..Pl=ned 820 0 ...... Groundwater ~ Construction

"̄ Recl~afioi Di~ttibufi0n System.           LVen~ura CounW wate~or~:DiS~ict #1Planned.. - 2i234.-. . -- 0 -- ; , ~ti~ture Prelimin~ D~ign
Reclamation Dis~ibufi0n.System: -. Ventura-Coun~Wate~or~ Dis~i~ #1 Planed ..- :3,3~1. ,.:. O - ~ds~ " Prelimina~ D~i~
- " ...... : ....." : " " .water ~eplenishmeht District" . " . ’ PIanned6,000 6,000. " - ~.eawater. Prelimin~ Design~ami~os.B~rrier.Re~ded Wa~erProje~" ": " .... " ..... ~ " ’ .... ’ " " " "

. "--.    Intrusion B~rier
Dominguez Gap Barrier Re~ded Water Project Water Repl£nishmenI Disttic/          _ ~ Planned.              " ~ " : " " "     ".2,600 .... ’2,600.. "    .IndusttiM ~ . Prelimin~ D~ign

"’ nomin~:Gap~B~rrierRe~dedWaterP~oje& ~ater~e~iehii~ent.~iSttict - Plan0~ed 6~000:-. 6,000 :.~:. S~water, " Prelimin~D~ign

" Montebell6 Fore3ay Adduced T~ea~ent~i~t- .Wa~er Replenishment Di~trlcr Pl~n~d~ " " i~O00 . :.. !0~000 . " .. GroundwaterFeasibil~W Study



TABLE 3A-4

Planned Water Recycling for South Coast Region (continued)

Project Name Agency Name Type Total Supply New Supply Category of Use    Comments
(as 

i[i~Vog~lPrOp;ro; [i. i~[]! .’ ~ -..,. ......::.~p ;,- .~..~,::..-~,, .~- :, ...; ;~.:~-.,.~.i-.,.,-~.~: ......... :u~ .... .~:~.,.-..~ .....

Region~ Groondwater Rech~ge Proje~ Chino B~in M~icip~ ~ater District Concept~ 1,000 0 Groundwater ~charge
Recl~med Water Di~ribufion System-Phase 2~ewood, Ci~ of Conceptu~ 107 0 L~dscape
Ci~ of ~con~do ~ncon del Diablo Municip~ Water District Concepm~ 450 0 ~n~cape

W~t B~in Municip~ Water Re.cling Plant Torrance, Ci~ of Municip~ Water District Conceptu~ 10,000 0 Industri~

W~t B~in Municip~ ~ater Re.cling Pl~t To~ance, Ci~ of Municip~ Water District Conceptu~ 1,500 - 0 L~ds~pe
W~nut V~ ~ R.W. Exp~slon Project W~nut V~ey Water District Conceptu~ 800 0 Indus~i~
W~nut V~I~ ~ R.W. Exp~sion Project W~nut V~ley Water District Conceptu~ 2,500 0 ~ndscape
Shadow ~dge Recl~afion-Ph~e 2 Buena S~itation District ~nceptu~ 600 600 L~dscape
~s ~isos Water District Terti~ Upgrade Pl~t~s ~isos Water Disuict Conceptu~ 5,000 3,000 L~ds~pe
E~tside Greenbelt Los ~geles, Ci~ of (D~) Concep~ 1,500 1,500 Industri~
West V~ley W~ter Re.cling Project Los ~geles, Ci~ of (D~) Concepm~ 2,400 2,400 Lands~pe
SCR~P-SMGD O~side, Ci~ of Concepm~ 5,603 5,603 ~ndscape
Water Reclamation Project-Ph~e 2 Otay Water District Concepm~ 4,550 4,550 Lands~pe

S~ta Monica D~-Wea~er Runoff S~ta Moni~, Ci~ of ~n~ptu~ 450 450 ~dscape
Recitation Project

Connejo Creek Dive.ion Project Thousand O~, Ci~ of Conceptu~ 5,000 5,000 S~water Intrusion B~rier

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@.@@@@



T~BLE 3A-5
Planned Water Recycling for Sacramento River Region

Project Name                    Agen~ Name           Type Total Supply New Supply Category of Use Comments
(a~    (aj9

B~Y-94-1002 Golf Course Exp~sion Be~e Mr For~ Brae Concepm~ 150 0 Landsope

Laund~ Dept. Water Reuse C~ifornia Stare Prison-Solano Conceptu~ 19 0 Industri~

~ . C@ of~eport Municipfl Sewer District L~epo~, Ci~ of Conceptu~ 1,500 0 ~ricu!ture

~ Ci~ of Live O~ Live O~, Ci~ of Conceptu~ 1 0 L~cape

To~ 1,670 0





TABLE 3A-7
Planned Water Recycling for Tulare ~ke Region

Project Name Age~ Name T~e Total Supply N~ Supply ~go~ of Use    ~mm~

W~t~ater Recla~afi0nP~as~l~-~ . ’~ Dinub~, Ci~ of~ .- : ’ ~ ~ ~l~ned ,1L202 - :"0’~ ~, ~ Groundwater Prdimin~D~ign

Fil~atio~Disinfecfi6~ ConjUcfi~ Use Pr0j~ct :~.~mmuni~ Water Dis~ct- :- - Planned " " .. : ." ’ : " "’392’ - ~... 0 . ’ O~er ’." ,:Prelimina~ D~ign.

G01f CoursdOpen ~ ~; ::’ :: .... ::Porte.HieS ci~ o~ -- - " ."     pi~ :..:": " 2,580 .. . .0.:. . Gro~ndwa[e~ ,~:-Prd[mina~ D~ign

:.,~rportG01fCour~/Open&e~’Rec~’~’~ ,: :- ::Po~e~m~; Ci~:0fi-:/.’ . ~:,    P~ned ’ ~6~ .~ ’~: _ 0 :-; -"L~ds~pe’~: Preli~in~:D~i~

TABLE 3A-8
Planned Water Recycling for North Lahontan Region

Project Namb Agmiey Name Type Total Supply New Supply Category of Use Comments
(a.O    (a~



TABL~ 3A-9

Planned Water Recycling for South Lahontan Region

Project Name Agency Name Type Total Supply New Supply Category of Use Comments

MCWD Recycled Water District Mammoth Comm. Water District Planned 1,000 0 Environmental Preliminary Design
MCWD Recycled Water District Mammoth Comm. Water District Planned 500 0 Groundwater Preliminary Design

Recharge
MCWD Recycled Water District Mammoth Comm. Water District Planned 100 0 Industrial Preliminary Design
MCWD Recycled Water District Mammoth Comm. Water District Planned 600 0 Landscape Preliminary Design
MCWD Recycled Water District Mammoth Comm. Water District Planned 300 0 Other Preliminary Design
Effluent Re-use Running Springs Water District Planned 250 0 Other Preliminary Design
Total 2,750 0

Golf Course Barstow, City of Conceptual 5,289 0 Landscape
Total 5,289 0

TABLE 3A- I 0

Planned Water Recycling for Colorado River Region

Project Name                       Agency Nara~             Type    Total Supply New Supply Category of Use Comments
(aj9    (aj9

Hi-Desert W.D.W.W. Collection & Hi-Desert Water District Conceptual 975 0 Groundwater Recharge
Treatment Plant

Hi-Desert W.D.W.W. Collection & Hi-Desert Water District Conceptual 350 0 Landscape
Treatment Plant

Total 1,325 0



C--094046
C-094046



C--094047
C-094047



The California Water Plan Update BULLETIN 160-98

Urban, Agricultural, and
Environmental Water Use

T
his chapter describes present and forecasted urban, agricultural, and environmental

water use. The chapter is organized into three major sections, one for each

category o£water use.

Water use information is presented at the hydrologic region level of detail under normalized

hydrologic conditions. Forecasted 2020-level urban and agricultural water use have not changed

greatly since publication of. Bulletin 160-93. Forecasted urban water use depends heavily on

population forecasts. Although the DOF has updated its California population projections since

the last Bulletin, U.S. census data are an important foundation for the proiections, and a new census

will not be performed until 2000. The Department’s forecasts of agricultural water use change

relatively slowly in the short-term because the corresponding changes in forecasted agricul-

tural acreage are a small percentage of the State’s total irrigated acreage. Changes
Nursery produets are

Cal~fornia’s third in base year and forecasted environmental water use from the last Bulletin re-

flect implementation of SWRCB’s Order WR 95-6 for the Bay-Delta.largest farm produet
in gross value. The
nursery industry ~s

affected bythe
availabili~ of both

ag~eultural and
urban water supplies.
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Summary of Key Statistics
Shown below for quick reference are some key statistics presented in this chapter. Water use information values shown

are for applied water use in average water year conditions. The details behind the statistics are discussed later.

1995 2020 Change

Population (million) 32.1 47.5 + 15.4
Irrigated crops (million acres) 9.5 9.2 -0.3
Urban water use (mar) 8.8 12.0 +3.2
Agricultural water use (mar) 33.8 31.5 -2.3
Environmental water use (mar) 36.9 37.0 +0.1

Percent of total
Urban water use (%) 11 15 +4
Agricultural water use (%) 43 39 -4
Environmental water use (%) 46 46 0

Water Use Calculation jor canal conveyance losses, recreation use, cooling
water use, energy recovery use, and use by high water

The urban, agricultural, and environmental wa-using industries. Water uses previously categorized as
ter uses calculated in this chapter are combined with"other" are now included in urban, agricultural, or en-
water supply information (Chapter 3) to form state-vironmental water use, according to their intended
wide balances (Chapter 6) and regional balancespurpose. At a statewide level, the magnitude of these
(Chapters 7-9). As noted in the Chapter 3 discussionother uses is small in comparison to that of the major
of water supplies, Bulletin 160-98 water balances arecategories.
computed with applied water data, instead of the net
water data used in previous editions of the Bulletin.

Figure 4-1 shows statewide water use in terms ofLand Use Considerations
applied water and depletions. The two methods pro- It is important to understand how urban, agricul-
vide similar results at a statewide level. (The largetural, and environmental water use are shaped by land
depletion associated with environmental water use re-use patterns and land use planning. Patterns of future
flects the magnitude of wild and scenic river outflowdevelopment and water use trends are dictated by city
to the Pacific Ocean, as discussed later in the chapter.)and county land use planning decisions. Urbanization

For purposes of presentation in the Bulletin, ur-of agricultural lands, open space preservation, habitat
ban, agricultural, and environmental water uses arecreation, and wetlands preservation policies are ex-
treated separately. In reality, these uses are usuallylinkedamples of land use-related decisions that have water
by California’s hydrologic system. As discussed inuse implications.
Chapter 3, the return flow from one water user often DOF forecasts that California’s population will in-
becomes the supply for a downstream user. The ap-crease by more than 15 million people by 2020. Where
plied water budgets used in Bulletin 160-98 reflect thethese additional people live affects statewide urban
multiple uses of water in a river basin. Water supplieswater use. For example, in terms of percent popula-
in a river basin may count toward meeting wild andtion increase, DOF forecasts that the City and County
scenic river use in the Sierra Nevada foothills, count.of San Francisco will have one of the slowest growth
toward urban and/or agricultural uses on the Centralrates statewide. Adjoining Bay Area counties are also
Valley floor, and count toward meeting Bay-Delta out-forecasted to grow slowly; reflecting the region’s inten-
flow farther downstream, sire urbanization and relatively small amounts of

Another change from Bulletin 160-93 wasremaining undeveloped land. Areas expected to expe-
eliminating the "other" water use category to simplifyrience high growth rates include some San Joaquin
information presentation. This category included ma-Valley counties and the Inland Empire region in South-

[] WATER USE 4-2
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Future land usepatterns are important in fbreeasting future water use. How and where presently undeveloped lands are
developed--or are preservedj>om development--affects water use calculations.

FIGURE 4-1
California Applied Water Use and Depletion

1995 APPLIED WATER 2020

Envi,

,I ral

1995 DEPLETION 2020

Envi,

d
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ern California. This population shift to warmer, driercapita water use estimates at a statewide level of detail.
inland areas where urban outdoor water use is higherAn urban water agency making estimates for its own
affects future statewide water demands, service area would be able to incorporate more com-

The location of urban development also affectsplexity in its forecasting because the scope of its effort
agricultural water use. For example, subdivisions con-is narrow. For this reason, and because DOF popula-
structed on non-irrigated grazing lands do not directlytion projections seldom exactly match population
displace agricultural use (although they may competeprojections prepared by cities and counties, the
with existing agricultural water users for a supply).Bulletin’s water use forecasts are expected to be repre-
Subdivisions constructed on irrigated farmland resultsentative of, rather than identical to, those of local water
in direct conversion of water use from agricultural toagencies.
urban. Bulletin 160-98 forecasts a statewide decline
in irrigated acreage by 2020. Most of that decline isPopulation Growth

the result of expected urbanization of irrigated agri- Data about California’s population--its geo-
culturallands, especially in the San Joaquin Valley andgraphic distribution and projections of future
South Coast areas. (To some extent, urbanization maypopulation and their distribution--come from several
shift agricultural development to presently undevel-sources. The Department works with base year and
oped lands, but such lands are usually of lower qualityprojected year population information developed by
and can economically support only limited crop types.)DOF for each county in the State. The decadal census
Local open space preservation goals can affect the ex-is a major benchmark for population projections. DOF
tent of land use conversion. Williamson Act contractsworks from census data to calculate the State’s popula-
are a commonlyusedmeans ofencouragingpreserva-tion in noncensus years, and to project future
tion of agricultural land use, especially for agriculturalpopulations. Figure 4-2 shows DOF’s projected growth
lands near urban areas. Not all open space preserva-rates by county for year 2020. (State policy requires
tion goals affect water use. For example, some landthat all State agencies use DOF population projections
use planning agendes in urban areas have set asidefor planning, funding, and policy making actMties.)
ridgetop areas as lands to be managed for recreation DOF uses as its starting population the 1990 cen-
or open space to preserve viewsheds. If the areas setsus, modified by the Bureau of the Census for known
aside are non-irrigated grazing lands, water use im-misreporting. (These counts represent a modification
pacts are minimal, to the age distribution of the census count and not an

Policies to preserve and enhance wetlands canadjustment for undercount to the total.)Between 1950
entail creating new wetlands or providing increasedand 1980 the birthrate in California mirrored the
water supplies to existing wetlands, thus increasingnation’s. A sharp divergence began during the 1980s;
environmental water use, often by conversion ofagri-the nation’s birthrate was flat while the birthrate in
cultural water supplies. Programs creating new wildlifeCalifornia rose sharply.
habitat areas would entail conversion of agricultural California’s annual growth rate was 2 to 3 percent
lands and water supplies to environmental uses. throughout the 1980s. After 1990, the rate slowed to

1.3 percent and the State’s population grew by only 2
million, for a 1995 population of 32.1 million.Urban Water Use California’s growth since 1992 has also been affected

Forecasts of urban water use for the Bulletin areby lower than projected natural increase (births minus
based on population information and per capita wa-deaths) and net migration. Domestic migration pat-
ter use estimates, as described later in this section,terns tend to parallel the unemployment differential
Factors influencing per capita water use include ex-rate between California and other states. Between 1990
pected demand reduction due to implementation ofand 1994, California lost more than 700,000 jobs due
water conservation programs. The Department hasto the economic recession. This job loss resulted in a
modeled effects of conservation measures and socio-new demographic phenomenon for Califomia--a net
economic changes on per capita use in 20 major watermigration of California residents to other states. By
service areas to estimate future changes in per capita1996, California had replaced the jobs lost during the
use by hydrologic region, recession.

The Department’s Bulletin 160 series makes per Migration is the most volatile component of

¯ WATER USE 4-4 0
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FIGURE 4-2
Projected Growth Rates by County, 1995-2020
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FIGURE 4-3

Components of Population Growth, 1940-1995
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population change. Migrants are separated into two
categories: domestic (from other states) or foreign (from
other countries). Since 1980, approximately 30 per-
cent of net migration has been domestic and 70 percent
foreign. DOF attributes fluctuations in migration pri-
marily to domestic migration, since undocumented
migration has been fairly constant and legal foreign
migration has slowly increased. Figure 4-3 shows natu-
ral increase and net migration for the years 1940-95.

DOF uses a baseline cohort-component method
to project population by gender, race/ethnicit)~ and
age. A baseline projection assumes people have the right
~o migrate where they choose and no major natural
catastrophes or wars will occur. A cohort-component
method traces people born in a given year throughout
their lives. As each year passes, cohorts change due to
mortality and migration assumptions. New cohorts are
formed by applying birthrate assumptions to women
of childbearing age. Special populations display dif-
ferent demographic behavior and other characteristics
and must be projected separately. The primary sources
of special populations are prisons, colleges, and mili-
tary installations.

Urban water demand forecasts are driven by the expected Population projections used in Bulletin 160-98 are
increase in California’s populatlon--more than 15 million
new residents by 2020. Multipurpose reservoirs help meet based on DOF’s Interim County Population Projections

needsfor water-based recreational opportunities, espedally (April 1997). Table 4-1 shows the 1995 through 2020
in arid Southern California. population figures for Bulletin 160-98 by hydrologic
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TABLE 4-1 Factors Affecting Urban Per Capita Water Use
California Population by Hydrologic Region Urban per capita water use includes residential,

(in thousands) commercial, industrial, and institutional uses of wa-
ter. Each of these categories can be examined at a greater

Region 1995 2020 level of detail. Residential water use, for example, in-
North Coast 606 835 cludes interior and exterior (e.g., landscaping) water
San Francisco Bay 5,780 7,025 use. Forecasts of urban water use for an individual corn-Central Coast 1,347 1,946
SouthCoast 17,299 24,327 munity may be separated into components and
Sacramento River 2,372 3,813 forecasted individually. It is not possible to use this
san Joaquin River 1,592 3,025 level of detail for each community in the State in Bul-
Tulare Lake 1,738 3,296 letin 160-98. Bulletin 160-98 modeled components
North Lahontan 84 125 of urban use for representative urban water agenciesSouth Lahontan 713 2,019
Colorado River 533 1,096 in each of the State’s ten hydrologic regions and ex-
Total (rounded) 32,060 47,510 trapolated those results to the remainder of each

hydrologic region, as described later in the chapter.
Demand reduction achieved by implementing

region. DOF periodically updates its population fore-water conservation measures is important in forecast-
casts to respond to changing conditions. Its 2020ing per capita water use. Bulletin 160-98 incorporates
population forecast used for Bulletin 160-93 was 1.4demand reductions from implementation of urban best
million higher than the 2020 forecast used in Bulletinmanagement practices contained in the 1991 Memo-
160-98. The latter forecast incorporated the effects ofrandum of Understanding Regarding Urban Water
the recession of the early 1990s. Small fluctuations inConservation in California. Bulletin 160-98 assumes
the forecast do not obscure the overall trend~an in-implementation of the urban MOU’s BMPs by 2020,
crease in population on the order of 50 percent, resulting in a demand reduction of about 1.5 mafover

The Department apportioned county populationthe year 2020 demand forecast without BMP imple-
data to Bulletin. 160 study areas based on watershedmentation. The following subsections detail existing
or water district boundaries. Factors considered in dis-urban water conservation programs and estimated de-
tributing the data to Bulletin 160 study areasmand reductions. For simplicity of presentation,
included population projections prepared by cities,conservation plans required of USBR water contrac-
counties, and local councils of governments, whichtors are described in the agricultural water conservation
typically incorporate expected future developmentsection, since agricultural water supply comprises the
from city and county general plans. The local agencymajority of CVP water contracts. USBI:’S urban water
projections indicate which areas within a county arecontractors are also required to comply with these re-
expected to experience growth and provide guidancequirements.
in allocating DOF’S projection for an entire county The relationship of water pricing to water con-
into smaller Bulletin 160 study areas. Table 4-2 com-sumption, and the role of pricing in achieving water
pares DOF interim projections with councils ofconservation, has been a subject of discussion in re-
governments projections, cent years. Elected board members of public water

TABLE 4-2

Comparison Between Department of Finance and Councils of Governments Population Projections
(in thousands)

1990 C~nsus                     2010 Projectionsa

DOF COG

Southern California Counties 17,139 23,352 24,038
Bay Area Counties 6,020 7,489 7,540
Central Coast Counties 1,172 1,508 1,518
Greater Sacramento Counties 1,684 2,542 2,586
San Joaquin Valley Counties 2,742 4,608 4,641
a COG data were only available for 2010, thus 2010 COG forecasts are compared with DOF 2010 forecasts.
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Landscape Water Use
The Model Water Efficient Landscape Ordinance was purpose of the ordinance was to promote water efficient

added to Title 23 of the California Code of Regulations inlandscape design, installation, and maintenance. The general
response to requirements of the 1990 Water Conservation inapproach of the ordinance was to use 0.8 ET0 as a water use
LandscapingAct. Local agencies that did not adopt their owngoal for new and renovated landscapes. (ET0 is a reference
ordinances by January 1993 were required to beginevapotranspiration, established according to specific criteria.)
enforcement of the model ordinance as of that date. Tools to help meet that goal include proper landscape and

The model ordinance applies to all new and rehabilitated irrigation system design.
landscaping (more than 2,500 square feet in size) for public To date, there has been no statewide-level review of how
agency projects and private development projects that requirecities and counties are implementing this requirement; thus,
a local agency permit, and to developer-installed landscapingits water savings potential remains to be quantified.
for single-family and multifamily residential projects. The

agencies ultimately have the responsibility for balanc- .to implement BMPs unless a cost-benefit analysis con-
ing desires to achieve demand reduction through waterducted according to CUWCC guidelines showed
pricing with desires to provide affordable water ratesindividual BMPs not to be cost-effective, or unless there
to consumers. Urban water rates in California varywas a legal barrier to implementation. The MOU also
widely and are affected by factors such as geographiccommitted CUWCC to study measures that could be
location, source ofsuppl)~ and type of water treatmentadded as new BMPs, such as establishing efficiency
provided. Water rates are set by local agencies to re-standards for water-using appliances.
cover costs of providing water service and are highly The urban use forecasts in Bulletin 160-98 assume
site-specific. Appendix 4A provides background infor-that water users statewide will implement BMPs by
mation on urban water pricing. As described in the2020, as set forth in Exhibit 1 of the MOU, whether
appendix’s summary of price elasticity studies for ur-or not the BMPs are cost-effective from a water supply
ban water use, residential water demand is inelastic instandpoint. In making this assumption, the Bulletin
most cases--water users were relatively insensitive torecognizes that water conservation measures have po-
changes in price, for the price ranges evaluated. Watertential benefits in addition to water supply, such as
price plays a small role in relation to other factors af-reduced water and wastewater treatment costs, other
fecting water use, such as public education andwater quality improvements, reduced entrainment of
plumbing retrofit Programs. fish at urban points of diversion, and greater control

Ūrban Water Conservation Actions. State and of temperature and timing of wastewater discharges.
federal legislation imposed standards to improve theThe Department believes this assumption is reason-.
water use efficiency of plumbing fixtures, requiring thatable, given that funding sources for non-water supply
fixtures manufactured, sold, or installed after speci-benefits could help support BMP implementation, and
fied dates meet the targets shown in Table 4-3. Thesethat the planning horizon over which the Bulletin as-
requirements apply to new construction or to retrofit-sumes that BMPs would be implemented (from 1995
ting existing plumbing fixtures, but do not requireto 2020) provides more time for implementation than
removal and replacement of existing fixtures. One wa-does the MOU. The widespread acceptance that the
ter conservation action being taken by urban waterexisting BMPs have achieved, as evidenced by the num-
agencies is to sponsor programs for voluntary retrofit-ber of MOU signatories, indicates that the BMPs are
ting off’txtures, to accelerate demand reductions. (Thisgenerally considered to be technologically feasible, so
action is one of the BMPs included in the urbantechnology should not be a limiting factor in imple-
MOU.) Some water purveyors, such as the City andmentation.
County of San Francisco, have regulations requiring Quantifying demand reduction from implemen-
retrofit when homes are sold. tation of some BMPs is difficult (for example, public

More than 200 urban water suppliers have signedinformation programs and water education in schools).
the urban MOU and are now members of the Califor-These actions contribute to implementation of other
nia Urban Water Conservation Council. Some keyBMPs, such as demand reduction from installing wa-
points from the MOU are highlighted in the sidebar,ter meters, but do not by themselves save quantifiable
Water suppliers signing the urban MOU committedamounts of water. CUWCC reviewed implementation
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TABLE 4-3

Summary of California and Federal Plumbing Fixture Requirements

Energy
California Poliey Act of 1992

Plumbing Device (cowrs sal~ and Effective Date (covers only
installation) manufacture)

Showerheads 2.5 CA 3/20/92gpm
US 1/1/94 2.5 gpm

Lavatory Fancetsa 2.75 gpm CA 12/22/78
2.2 gpm CA 3/20/92

US 1/1/94 2.5 gpm

Sink Faucetsa 2.2 gpm CA 3/20/92
US 1/1/94 2.5 gpm

Metering (self-closing) hot water maximum CA 7/1/92
Faucetsb flow rates range from US 1 / 1/94 0.25 gallons/cycle
(public restrooms) 0.25 to 0.75 gallons/ (maximum water

. cycle and/or from 0.5 delivery per cycle)
gpm to 2.5 gpm,
depending on controls
and hot water system

Tub Spout Divertera 0.1 (new), to 0.3 gpm CA 3/20/92 (does not appear to be
(after 15,000 cycles included in EPA)
of diverting)

Toilets 1.6 gpf CA I/1/92 (new
(residential) construction)

CA 1/1/94 (all toilets for
sale or installation)
US 1/1/94 (non- 1.6 gpf
commercial)

Flushometer valvesa 1.6 gpf CA 1/1/92 (new
construction)
CA 1/1/94 (all toilets)
US 1/1/94 (commercial) 3.5 gpf
US 1/1/97 (commercial) 1.6 gpf

Toilets 1.6 gpf CA 1/1/94 (all toilets for
(Commercial)a sale or installation)

US 1/1/97 1.6 gpf

Urinals 1.0 gpf CA 1/1/92 (new)
CA 1/1/94 (all)
US 1/1/94 1.0 gpf

¯ California requirements axe preemsting and more stringent than federal law; therefore California requirements prevail in California.
b Federal law is more stringent than California requirements.
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£oeal agendes were required by the 1990 Water Conservation in LandseapingA~t to enforce ordinances intended to promote
water-efj~eient designs. The act’s requirements apply to landscapes greater than 2,500 sq. J~. in size.

and quantification of the initial BMPs, and developedficiency washing machines and wholesale water agency
a strategic plan in 1996 that included evaluating theassistance to retail water agencies), revising implemen-
BMPs and revising them to make them easier to quart-tation schedules and coverage requirements, and adding
tify. The revised BMPs (see sidebar) were adopted bynew evaluation criteria. Implementation of some BMPs
CUWCC in September 1997. The revisions included was extended beyond the original 10-year term of the
restructuring the original 16 BMPs to 14 BMPs (newexisting MOU. Appendix 4B presents a synopsis of
BMPs were also added---rebate programs for high el-the revisions.

Urban Best Management Practices (1997 Revision)
BMP 1 Water Audit Programs for Single-Family Residential and Multifamily Residential Customers
BMP 2 Residential Plumbing Retrofit
BMP 3 System Water Audits, Leak Detection and Repair
BMP 4 Metering With Commodity Rates for All New Connections and Retrofit of Existing Connections
BMP 5 Large Landscape Conservation Programs and Incentives
BMP 6 High-Efficiency Washing Machine Rebate Programs (New)
BMP 7 Public Information Programs
BMP 8 School Education Programs
BMP 9 Conservation Programs for Commercial, Industrial, and Institutional Accounts
BMP !0 Wholesale Agency Assistance Programs (New)
BMP 11 Conservation Pricing
BMP 12 Conservation Coordinator (Formerly BMP 14)
BMP 13 Water Waste Prohibition
BMP 14 Residential ULFT Replacement Programs (Formerly BMP 16)
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Highlights of the Urban MOU
Shown below are several excerpts from the urban evaluate potential savings. For some BMPs (e.g., public

MOU that are relevant to the water conservation measures information) estimates ofreliable savings may never begenemted.
discussed in Chapters 4 and 6. For others, additional dam may lead to significant changes in

Recital F It is the intent of this MOU that individualthe estimate ofreliabIe savings. It isprobable that average savings
signatory water suppliers (1) develop comprehensive conservationachieved by water suppliers will exceed the estimates of reliable
BMP programs using sound economic criteria and (2) considersavings.
water conservation on an equal basis with other water
management options. Section 4.5 Exemptions. A signatory water supplier will be

exempt~om the implementation of specific BMPs for as long as
Recital G It is recognized that present urban water usethe supplier substantiates each reportingperiod that, based upon

throughout the State varies according to many factors including,then prevailing local conditions, one or more of the following
but not limited to, climate, ~ypes of housing and landscapin$findings applies: (a) A full cost-benefit analysis, performed in
amounts and kinds of commercia~ industrial and recreationalaccordance with theprinciples set forth in Exhibit3, demonstrates
development, and the extent to which conservation measures havethat either the program (i) would not be cost-effective overall
already been implemented. It is further recognized that many ofwhen total program benefits and costs are considered; OR (ii)
the BMPs identified in Exhibit 1 to this MO U have alreadywould not be cost-effective to the individual water supplier even

been implemented in some areas and that even with broaderafter the water supplier has made agoodfaith effort to share costs
employment of BMPs, future urban water use will continue towith other program beneficiaries.
vary~om area to area. Therefore, this A40U is not intended to (b) Adequate funds are not and cannot reasonably be made
establish uniform per capita water use allotments throughoutavailable from sources accessible to the water supplier including
the urban areas of the State. This MOU is also not intended tofunds fore other entities. However, this exemption cannot be
limit the amount or ~vpes of conservation a water supplier canused if a new, less cost-effective water management option would
pursue or to limit a water supplier’s more rapid implementationbe implemented instead of the BMP for which the water supplier
of BMPs. is seeking this exemption.

(c) Implementation of the BMP is (i) not within the legal
Section 4.1 (c) Assumptions for use in developing estimates ofauthori~ of the water supplier; and (ii) the water supplier has

reliable savings from the implementation of BMPs. Estimates ofmade a good faith effort to work with other entities that have the
reliable savings are the water conservation savings which can belegaI author#y to carry out the BMP; and (iii) the water supplier
achieved with a high degree of confidence in a given service area.has made a good faith effort to work with other relevant entities
The estimate of reliable savings for each BMP depends upon theto encourage the removal of institutional barriers to the
nature of the BMP and upon the amount of data available toimplementation of BMPs within its service area.

Bulletin 160-98 estimates water savings due to scape water conservation (3 acres or greater) could not
BMP implementation based on the assumptions set be evaluated due to lack of data on existing irrigated
forth in Exhibit 1 of the urban MOU, and assumes landscape acreage.
that California will achieve a level of water conserva- BMP implementation is estimated to result in a
tion equivalent to that expected from full BMP statewide 2020 demand reduction of 1.5 maf state-
implementation by 2020. The MOU specifies imple- wide. As discussed in Chapter 6, this demand reduction
mentation schedules, water use reduction factors, and is not the same as creating new water supply. Only
installation and/or compliance rates that allow quan- conservation actions that reduce irrecoverable losses
tification of water savings for 7 of the 14 BMPs. The or reduce depletions actually create new water supply
MOU identifies the remaining BMPs as not having from ~ statewide perspective. Table 4-4 shows applied
quantifiable water savings. The Bulletin’s estimated water and depletion reductions due to BMP imple-
water savings (Appendix 4B) are based on evaluation mentation by hydrologic region.
of the following BMPs in accordance with the Exhibit As more water conservation measures are imple-
1 provisions: residential water use surveys, residential mented, especially structural changes such as plumbing
plumbing retrofits, distribution system water audits/ retrofits, it will become increasingly difficult for ur-
leak detection/repairs, metering with commodity rates, ban water agencies and their customers to achieve
programs for commercial/industrial/institutional ac- drought year demand reductions. Demand hardening
counts, and residential ultra-low flush toilet is discussed in more detail in Chapter 6. The urban
replacement. Water savings for the BMP on large land- MOU acknowledges that demand hardening will be a
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TABLE 4-4 production is not the same as total urban water use;
Annual Reductions in Applied Water and total use includes self-produced supplies, water for rec-

Depletions Due to BMP Implementation by reation and energy production uses, and losses from

2020 (taf) major conveyance facilities.) After the severe, but brief,
1976-77 drought, statewide urban per capita water pro-

Region Applied Water Depletion duction rates returned to pre-drought levels within 3
North Coast 20 11 to 4 years. During the longer 1987-92 drought, urban
San Francisco Bay 176 172 per capita water production rates declined by about
Central Coast 48 30 19 percent on the average statewide. (Most require-
South Coast 768 500 meats for water-conserving plumbing fixtures did not
Sacramento River             91                0 take effect until after the 1987-92 drought.) TheSan Joaquin River 111 30
Tulare Lake 125 50 Department’s data show increases in per capita water
North Lahontan 5 2 production following the drought, due to removal of
South Lahontan 59 21 mandatory water rationing and other short-term re-
Colorado River 111 52 strictions. When viewed at a statewide level, the data
Total 1,514 868 show a strong response to hydrologic conditions.

consequence of BMP implementation.
Urban Water Use Planning AaivitiesAlthough there are other urban water conserva-

tion programs besides those associated with the urban The Department has surveyed retail water agen-
MOU, only the MOU presently addresses quantifica-cies and analyzed their water production data for more
tion ofwater savings. EPAhas started developing waterthan 35 years, publishing the data in the Bulletin 166
conservation guidelines pursuant to Section 1455 ofseries, Urban Water Use in California. Bulletin 166-4,
the 1996 SDWA. USBR has developed guidelines forpublished in 1994, summarized monthly urban water
Reclamation Reform Act water conservation plans andproduction data from 1980-90 for nearly 300 retail
for the more detailed conservation plans required bywater purveyors throughout the State. This water use
CVPIA. The USBR conservation plans apply to bothinformation, updated in the Department’s annual sur-
urban and agricultural contractors, and areveys, is a primary data source for water use estimates
described in more detail in a later section on agricul-made for Bulletin 160. The Department also con-
tural water conservation, ducted a statewide survey of industrial water use by

Effeas of Droughts on Vrban Water Produe- water-using sector in 1994. Industrial water use infor-
tion. To illustrate the effects of droughts, Figure 4-4mation is periodically published in the Department’s
shows statewide per capita urban water production overBulletin 124 series, Industrial Water Use in Califarnia.
time. (Per capita production is the water provided by The Urban Water Management Planning Act re-
urban suppliers, divided by population. Urban waterquires that urban water suppliers with 3,000 or more

connections, or that deliver over
FIGURE 4-4 3 tafofwater per year, prepare ur-Statewide Average Per Capita ban water management plans and~, Urban Water Production Over .time~ 250. submit them to the Department.

c~ The initial set of plans was due
~ in 1985; plans are to be updated

~ every five years. Table 4-5 shows
.~ the number of agencies affected
~ by the law and those submitting
~ 200. their 1995 plans as of March
~ : 1997. The 1995 plans received

were from agencies representing
~ ! almost 90 percent of all urban wa-
.......... ~ ter deliveries. These plans have

~ ---.-.-~:~L:, , i~: ~ multiple purposes, including

1940 45 50 55 60 65 70 75 80 85 90 95 demonstrating howlocal agencies
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TABLE 4-5 execution of new agreements would be needed. Quan-

1995 Urban Water Management Plans by tification of CALFED’s future water use efficiency

Hydrologic Region program is discussed in Chapter 6.

Urban Water Use Forecasting
Region Expected Filed

North Coast 13 10 Urban water use forecasting relates future use to
San Francisco Bay 60 46 changes in factors influencing water use. Early
Central Coast 28 17 forecasting methods were relatively simple and relied
South Coast 187 152
Sacramento River 35 33 only on service area population to explain water use,
San Joaquin River 29 12 assuming a direct relationship between population
Tulare Lake 22 13 growth and applied water demand. These methods can
North Lahontan 5 2 provide acceptable results over the short term, espe-
South Lahontan 12 11 cially during periods of abundant water supply andColorado River 13 6
Total 404 302 steady economic growth. However, mid- to long-term

forecast accuracy may decrease sharply due to changes
in other variables influencing water use. Among these

propose to implement water conservation measures andfactors are changes in the ratio of single to multifamily
how the agencies plan to meet drought year water sup-dwellings, commercial and industrial growth, income,
ply reliability goals, future water conservation actions, and water pricing.

The CALFED Bay-Delta program includes water The price of water currently plays a small role in water
use efflciency--urban, agricultural, and environmen-use; it could become more important if water prices
tal as one of the common elements required for allincreased substantially. The water price elasticity sec-
proposed Delta alternatives. As described in the watertion in Appendix 4A provides more detail on this
use efficiency technical appendix for the March 1998subject. New urban water supplies will be relatively
draft programmatic EIR/EIS, potential elements of anexpensive, so understanding interactions between price
urban water use efficiency program include: and water use is important for forecasting urban use.
¯ Requirements that urban water management plansAs described in the appendix, the Department’s fore-

be implemented more vigorously and that thecast used single family residential price elasticities of
Department review and certify those plans. -0.1 for winter months and -0.2 for summer months.

¯ Revisions to the BMPs to make them more The Department forecasted change in per capita
quantifiable, water use in each hydrologic region to estimate 2020

¯ Requirements that CUWCC certify BMP urban applied water by hydrologic region. Variables
implementation, included population, income, economic activity, wa-

¯ Provision of financial and technical assistance toter price, and conservation measures (implementation
water agencies to encourage program implemen-of urban BMPs and changes to State and federal plumb-
ration, ing fixture standards). The general forecasting
CALFED is also examining ways to require thatprocedure was to determine 1995 base per capita wa-

the urbanwater use efficiency program be implementedter use, estimate the effects of conservation measures
vigorously. For example, urban water agencies thatand socioeconomic change on future use for 20 major
choose not to implement the program could be ex-representative water service areas in California, and
cluded from participation in water transfers requiringcalculate 2020 base per capita water use by hydrologic
approval by a CALFED agency, from use of facilities region from the results of service area forecasts.
operated by a CALFED agency; from new supplies 1995Base Per Capita Water Use. The 1995 base
made available by CALFED actions, or from partici-per capita water use includes water supplied by public
paring in certain loan and grant programs. In addition,water systems for municipal and industrial purposes
CALFED has suggested that SWRCB could be askedand self-produced (not delivered by a water purveyor)
to pursue its obligations to investigate waste and un-surface water and groundwater. Per capita water use is
reasonable use more vigorousl~ Methods to achievenot the same as the applied water use shown in Bulle-
assurances remain under discussion. Depending on thetin 160 water budgets. Per capita use does not include
methods chosen, amendments to existing statutes orrecreation water use, energy production water use, and
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losses from major conveyance facilities (the urban share TABLE 4-6
of the "other" water demand category used in Bulletin Urban Water Use Study Input Variables
160-93). In most hydrologic regions, 1995 base per
capita water use was calculated for each of the Water Use
Department’s DAUs. In the South Lahontan and Colo- Water use by sector, base year

rado River regions, analyses were done at the PSA level Single family
due to the relatively sparse populations in those re- Multifamily
gions. Commercial

IndustrialThe 1995 base per capita water use was computed Landscape
from normalized water use data to account for varia- Seasonal water use, base year
tion in annual weather patterns, water supply, and
residual effects of the 1987-92 drought. Appendix 4C Socioeconomic

discusses the relationship between normalized data and Population, base year, and forecast year

actual urban water production data. Actual urban wa- Total population

ter use during 1995 was less than the Bulletin 160-98 Population by dwelling type
Persons per household by dwelling typebase level in many areas, largely due to wet hydrologic Group quarters population

conditions that decreased landscape irrigation require-
Housing, base year, and forecast year

merits. (Likewise, urban water use during a dry year
would likely exceed base year use due to higher land- Number of housing units by dwelling type

Growth rate of housing stock by dwelling type
scape irrigation water use, assuming no constraints on

Employment, base year, and forecast year
water supplies). Base per capita 1995 water use was

Commercialdeveloped from historical water use during recent years Industrial
with normal water supply and water use patterns. Data Income, base year, and forecast year
for years during and immediately following the drought Water price, base year, and forecast year
were removed from consideration due to the effects of
water shortages of unprecedented severity and dura-
tion, mandatory and voluntary rationing programs,variables specified for each water service area. Table 4-
and a multi-year post-drought rebound in per capita7 shows data sources for the study.
water use on water use patterns. The 1995 base was The urban water use study estimated future change
computed from the 1990 per capita use in Bulletinin per capita water use in 20 representative water ser-
160-93, adjusted to account for permanent effects ofvice areas. (The results in Tables 4-8 and 4-9 display
urban BMPs and post-1990 changes to federal andchanges from 1990, rather than from the Bulletin’s
State plumbing fixture standards. The most significant1995 base year, to illustrate all effects of water conser-
post-1990 change to the plumbing fixture standardsvation implementation, including the changes in
was that all toilets for sale or installation in Californiaplumbing Fixture standards that began in 1992.) The
must use no more than 1.6 gallons per flush, com-results of the 20 individual model runs were extrapo-
pared to 3.5 gallons or more per flush for older toilets,lated to forecast 2020 level per capita water use by
Plumbing code effects were quantified based on thehydrologic region (Tables 4-9 and 4-10). The differ-
proportion of total housing stock subject to the newence between the 1995 and 2020 base levels reflects
code. ULFT retrofit water savings were estimated basedthe influence of water conservation measures, socio-
on information on toilet retrofit programs from localeconomic change, and differential population growth
water agencies. The final 1995 base value for each DAUon per capita water use in each region.
was weighted by population to yield 1995 base per The forecast results for the representative water’
capita water use by hydrologic region, service areas were expressed as a percent change in per

2020 Per Capita Water Use Forecast. Forecasts capita use by 2020, and were averaged (weighted by
for the urban water use study were based on three typesservice area population) to arrive at the percent change
of input data: actual values of base year water and so-in per capita use by hydrologic region. For each re-
cioeconomic variables, forecasted values ofgion, the 2020 change was applied to the 1995 level
socioeconomic variables for the year 2020, and say-per capita water use in each DAU to obtain 2020 per
ings assumptions for BMPs. Table 4-6 lists the inputcapita water use. The 2020 per capita water use then
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TABLE 4-7
Urban Water Use Study Data Sources

Water Use

Survey of Public Water System Statistics, DWR
Urban water management plans
Regional and local water agency reports on water use and conservation

Socioeconomic
Census of Population and Housing, U.S. Department of Commerce
Survey of Current Business, USDC
Statistical Abstract of the United States, USDC
California Statistical Abstract, DOF
California Population Characteristics, Center for Continuing Study oft_he California Economy
Population Projections by Race and Ethnicity for California and its Counties 1990-2040, DOF
Regional and local planning agencies

TABLE 4-8
Model Study Results-Per Capita Water Use With Economic

Growth and Conservation Measures

Region Representative Water 1990 2020 Percent Changej~om 1990

Service Area (g~cd) (~cd) Economic Conservation
E~ects E~ects

North Coast , City of Santa Rosa 156 136 -14 2

San Francisco Bay EBMUD 196 171 -16 3
Matin Municipal WD 153 136 - 16 5
City and County of San Francisco 132 115 -16 3

Central Coast California Water Service Company, Salinas 153 132 -14 0
City of Santa Barbara 177 156 - 15 4

Sou~ Coast City of Los Angeles 180 158 -16 4
City of San Bernardino 269 243 -11 1
San Diego County WA 196 176 -14 4

Sacramento River California Water Service Company, Chico 296 272 -10 2
City of Sacramento 290 263 - 13 3

San Joaquin River California Water Service Company, Stockton 187 162 -12 -1
City of Merced 336 299 - 10 0

Tulare Lake California Water Service Company, Visalia 273 235 -11 -3
City of Fresno 285 262 -10 2

North Lahontan South Lake Tahoe PUD 179 147 -15 -2

South Lahontan Indian Wells Valley WD 247 230 -10 3
Victor Valley County WD 340 322 -8 3

Colorado River City of Blythe 349 326 - 11 4
City of El Centro 221 197 -13 2
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TABLE 4-9

2020 Change in Per Capita Use by Hydrologic Region--

Application of Model Resultsa

Region Economic Effects Conservat~on Effects
% Changej~om 1990 % ChangeJ~om 1990

North Coast 2 -14
San Francisco Bay 3 -16
Central Coast 2 - 15
South Coast 4 -14
Sacramento River 3 -12
San Joaquin River -1 -12
Tulare Lake 1 - 10
North Lahontan -2 -15
South Lahontan 3 -9
Colorado River 3 -12
Stat~vide 3 -15
a Model results applied to per capita use in each DAU.

TABLE 4-10

Effects of Conservation on Per Capita Water Usea by Hydrologic Region

(gallons per capita per day)

Region                          1995                                       2020

without cons~rvatlon          with conserva~’on

North Coast 249 236 215
San Francisco Bay 192 188 166
Central Coast 179 188 166
South Coast 208 219 191
Sacramento River 286 286 264
San Joaquin River 310 307 274
Tulare Lake 298 302 268
North Lahontan 411 390 356
South Lahontan 282 294 268
Colorado River 564 626 535
Statewlde 229 243 215
a Includes residential, commercial, industrial, and landscape use supplied by public water systems and sel~-produced surface and groundwater. Does not

include recreational use, energy" production use, and losses from major conveyance facilities. These are normalized data.

was multiplied by the population forecast to computeSummary of Urban Water Use
2020 urban applied water use for each DAU. The
DAU-level results were aggregated and combined with Table 4-11 summarizes Bulletin 160-98 urban
minor components of urban use (conveyance losses,applied water use by hydrologic region. Statewide ur-
recreation water use, and energy production water use)ban use at. the 1995 base level is 8.8 maf in average
to obtain total applied urban water demands, water years and 9.0 mar in drought years. (Drought

This method of computing future water use cap-year demands are slightly higher because less precipi-
tures localized effects of differential population growth,tation is available to meet exterior urban water uses,
The most significant example of variation in growthsuch as landscai~e watering.) Forecasted 2020 use in-
patterns is the relatively high growth rate in warmer,creases to 12.0 maf in average years and 12.4 maf in
drier inland areas of California where increased land-drought years. Full implementation of urban BMPs is
scape irrigation requirements are reflected in higherestimated to result in demand reduction of 1.5 mafin
per capita use values. Growth in inland areas tends toaverage year water use by 2020. Without implementa-
partially offset reductions in per capita use due to wa-tion of urban BMPs, average year use would have
ter conservation, increased to 13.5 mar.
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TABLE 4-11

Applied Urban Water Use by Hydrologic Region (taf)

1995 2020

Re, on                   Average Drought Average Drought

North Coast 169 177 201 212
San Francisco Bay 1,255 1,358 1,317 1,428
Central Coast 286 294 379 391
South Coast 4,340 4,382 5,519 5,612
Sacramento River 766 830 1,139 1,236
San Joaquin River 574 583 954 970
Tulare Lake 690 690 1,099 1,099
North Lahontan 39 40 50 51
South Lahontan 238 238 ¯ 619 619
Colorado River 418 418 740 740
Total (rounded) 8,770 9,010 12,020 12,360

As indicated in the Table 4-11, the South Coastuse. The table also illustrates that precipitation plays a
and San Francisco Bay Hydrologic Regions togethersmall role in meeting urban outdoor water needs (land-
amount to over half of the State’s total urban waterscape water needs) in arid regions such as the Tulare

Lake, South Lahontan, and Colorado River regions.

Agricultural Water Use

The Department’s estimates of agricultural water
use are derived by multiplying water use requirements
for different crop types by their corresponding irri-
gated acreage, and summing the results to obtain a
total for irrigated crops in the State. This section be-
gins by covering crop water use requirements, including
demand reduction from water conservation programs.
Irrigation efficiency and distribution uniformity are
discussed in detail. A description of the process for
forecasting irrigated acreage and factors affecting acre-
age forecasts follows. Forecasted 2020 agricultural water
demands are summarized at the end of the section.

Crop Water Use

The water requirement of a crop is directly related
to the water lost through evapotranspiration. The
amount of water that can be consumed through ET
depends in the short term on local weather and in the
long term on climatic conditions. Energy from solar
radiation is the primary factor that determines the rate

All of the acreage amounts discussed in this chapter are of crop ET. Also important are humidit~ temperature,
irrigated acres, because estimates ofirrlgated acreage are wind, stage of crop growth, and the size and aerody-
needed to calculate agricultural water use. Crop production
also oeeurs (to a much lesser extent) onnon-irrigatedlands, namic roughness of the crop canopy. Irrigation
Dry-famedgralns are an example ofcrop production on frequency affects ET after planting and during early
non-irrigatedlands, growth because evaporation increases when the soil
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There is a percaption that
only drip irrigation is an

~clent agricultural water
use technology. As described

in Chapter 5, high
~clencles are poss~ble with

a variety of irrigation
techniques. Considerations

such as soil type, j~eM
configuration, and wop type

influence the choice of
imqgatlon teehnlque.

surface is wet and is exposed to sunlight. Growing sea- Crop coefficients are applied to pan evaporation
son ET varies significantly among crop types,data to estimate evapotranspiration rates for specific
depending primarily on how long the crop activelycrops. (Crop coefficients vary by crop, stage of crop
grows, growth, planting and harvest dates, and growing sea-

Direct measurement of crop ET requires costlyson duration.) The resulting data, combined with
investments in time and sophisticated equipment,information on effective rainfall and water use effi-
There are more than 9 million acres of irrigated cropciency; form the basis for calculating ETAW and
land in California, encompassing a wide range of cli-applied water use. Crop applied water use includes the
mate, soils, and crops. Even where annual ET for twoirrigation water required to meet crop ETAW and cul-
areas is similar, monthly totals may differ. For example,tural water requirements.
agerage annual ET for Central Coast interior valleys is The amount of water applied to a given field for
similar to that in the Central Valle~ Central Valley ETcrop production is influenced by considerations such
is lower than that in coastal valleys during the winteras crop water requirements, soil characteristics, the
fog season and higher during the hot summers. Ob-ability of an irrigation system to distribute water uni-
taining actual measurements for every combination offormly on a given field, and irrigation management
environmental variables would be prohibitively diffi-practices. In addition to ET, other crop water require-
cult and expensive. A more practical approach is toments can include water needed to leach soluble salts
estimate ET using methods based on correlation ofbelow the crop root zone, water that must be applied
measured ET with observed evaporation, temperature,for frost protection or cooling, and water for seed ger-
and other dimatologic conditions. Such methods canmination. The amount required for these uses depends
be used to transfer the results of measured ET to otherupon the crop, irrigation water quality, and weather
areas with similar climates, conditions.

The Department uses the ET/evaporation corre- Part of a crop’s water requirements can be met by
lation method to estimate growing season ET.rainfall. The amount of rainfall beneficially used for
Concurrent with field measurement of ET rates, thecrop production is called effective rainfall. Effective
Department developed a network of agroclimate sta-rainfall is stored in the soil and is available to satisfy
tions to determine the relationship between measuredcrop ET or to offset water needed for special cultural
ET rates and pan evaporation. Data from agroclimaticpractices such as leaching of salts. Irrigation provides
studies show that water evaporation from a standard waterthe remainder of the crop water requirement. Irriga-
surface (the Department uses the U.S. Weather Bureaution efficiency influences the amount of applied water
Class A evaporation pan) closely correlates to crop ET.needed, since a portion of each irrigation goes to sys-
The ET/evaporation method estimates crop water use totern leaks and deep percolation of irrigation water
within _+ 10 percent of measured seasonal ET. below the crop root zone.
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;~u~ 4-5 increase in crop ETAW. For most hydrologic regions,
Ranges of Applied Water 1995 base applied water use was computed for the ma-

and Evapotranspiration of Applied Watera jor crop types found in each of the Department’s
DAUs. Analyses were done at the planning subarea

~ Applied Water ~ ETAW level in the South Lahontan and Colorado River Re-
]~q~ gions.

Acre feet/acre per year Figure 4-5 shows ranges of 1995 base applied wa-
D 1 u 3 4 s 6 7 8 9 lO ter and ETAW for some common California crops or

! crop types. ETAW represents a major depletion of water
Grain

supply, and therefore is an important component of
statewide and local water supply planning, groundwa-

Rice ter modeling, and water transfer feasibility studies.
Except in areas adjacent to the ocean, or areas where

Cotton
the groundwater or surface water is unacceptable for

Sugar
reels ~ and cultural requirements (e.g., frost protection) is

corn ~! available to downstream users or to users pumping from
groundwater.

Other The purpose of the data presented in Figure 4-5 is
Field to illustrate how great the range of applied water and

Alfalfa ETAW can be for a single crop or crop type in Califor-
nia. Climate and soil types are major factors that affect

Pasture crop water use. Other factors include farming prac-
tices, irrigation systems, and water availabili~ Crop

T=natoos water use is extremely site-specific, and no one value
of crop water use can be expected to represent a state-

Other Truck                                                 wide condition.

Almonds/ Factors Influencing Agricultural Water Use
Pistachios

Other Irrigation Water Use E~ciency. Distribution
Deciduous uniformity is an important element in on-farm irriga-Orchard

tion water use efficiencies. DU measures the variation
Subtropical in the amount of water applied to the soil throughout

the irrigated area. Since no irrigation system is capable
Grapes of applying and distributing water uniformly to all parts

of a field, growers often apply enough water to meet
aApplied water includes the wat .....d for cu~tur~ p~ca .....ch ~ crop water requirements of the driest part of the field
frost ......1 and leaching salts from below th ....p root .....

tO achieve optimum crop yields. Achieving a high DU
The Bulletin’s 1995 base applied agricultural wa-requires excellent system design, maintenance, and

ter use values were computed from normalized data tomanagement. Irrigation experts maintain that current
account for variation in annual weather patterns andhardware design and manufacturing technology limit
water supply. Normalizing entails applying crop coef-the DU of most systems to 80 percent. As design and
ficients to long-term average evaporative demand data.manufacturing technology advance and more refined
Actual applied crop water use during 1995 was lessmanufacturing processes and hardware are developed,
than the Bulletin 160-98 base in many areas due toit may be possible to achieve DUs up to 90 percent.
wet hydrologic conditions that increased effective rain-Chapter 5 describes the relationship of DU to irriga-
fall, thus decreasing crop ETAW. Likewise, appliedtion efflciencies in more detail.
water use during a dry year (assuming no constraints Seasonal application efficiency is the sum of ETAW
on water supplies) would likely exceed the base due toand cultural water requirements (such as for leaching
less than average effective rainfall with an attendantsalts below the root zone) divided by applied water.
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SAE is an appropriate index of water use efficiency for TABLE 4-12
planning purposes, because it is based on the amountRelationship Among Agricultural Water Use
of water required to fully satisfy crop water needs while Efficiency Measures
maintaining the favorable salt balance in the root zone
required for long-term sustainability of agriculture. It Distribution Irrigation Seasonal Appllcation

differs from values of irrigation efficiency calculated Uniformi~y Efficiencya Effideneya

by growers to compare the amount of water benefi- 90 90 87
cially used to the amount applied, because the amount 85 85 80

beneficially used may be less than that needed to fully 80 80 73
75 75 67

satisfy crop and cultural water requirements. Efficiency 70 70 60
measures used by growers, such as DU and IE, are typi- ~ Optimal values
cally based on the average amount of water
infiltrating the quarter of the field receiving the leastcent. The relationship among DU and optimal values
water. These methods presume that one-half of the lowof IE and SAE is illustrated in Table 4-12. The maxi-
quarter, or 12.5 percent of the field, is under-irrigatedmum efficiency values achieved on-farm are generally
to some degree. The result is inadequate leaching andless than shown due to conveyance losses, evaporation,
a reduction in crop yield in that part of the field, and uncollected surface runoff.

Values of SAE cannot be directly compared to IE Relationships between on-farm and regional
values commonly cited in literature because they areefficiencies are complex. Often a portion of irrigation
based on different levels of irrigation effectiveness,water applied to a field runs offthe field or percolates
Optimal SAE occurs when the driest part of the fieldinto groundwater. Runoff and/or deep percolation
receives an amount of water equal to ETAW plus leach-from a given field may be considered a water loss to
ing water requirements, resulting in a 100 percentthat particular field; nevertheless, this water is not lost
effective irrigation. On the other hand, optimal IE oc-to the system unless it goes directly to a nonreusable
curs when the amount infiltrated in the low quarterwater source such as saline groundwater or to the ocean.
equals ETAW plus leaching requirements, resulting inIf water quality is good, that water may be reapplied
an 87.5 percent effective irrigation. (Since DU is alsoOn a field or on other fields several times. Irrigation
calculated based on the low-quarter method, optimalefficiency formulas developed for on-farm irrigation
IE is equivalent to DU.) SAE is related to DU and tomanagement cannot necessarily be applied to larger
optimal IE by a linear function so that, for example, aareas or regions. Numerical values of on-farm and re-
DU of 75 percent implies an optimal SAE of 67 per-gional efficiencies almost always differ. On-farm

Efficient Water Management Practices for
Agricultural Water Suppliers in California criteria, and does not cause harm to crops or soil

List A--Generally Applicable EWMPs ¯ Facilitate financing capital improvements for on-farm
¯ Prepare and adopt a water management plan irrigation systems
¯ Designate a water conservation coordinator ¯ Facilitate voluntary water transfers that do not
¯ Support the availability of water management services unreasonably affect the water user, water

to water users supplier, the environment, or third parties
¯ Improve communication and cooperation among water̄ Line or pipe ditches and canals

suppliers, water users, and other agencies ¯ Increase flexibility in water ordering by, and delivery to,
¯ Evaluate the need, if any, for changes in institutional water users within operational limits

policies to which the water supplier is subject ¯ Construct and operate water supplier spill and tailwater
¯ Evaluate and improve efflciencies of the water suppliers recovery systems

pumps ¯ Optimize conjunctive use of surface and groundwater
List B--Conditionally Applicable EWMPs ¯ Automate canal structures

¯ Facilitate alternative land use List C~Other EWMPs
¯ Facilitate using available recycled water that otherwise¯ Water measurement and water use reporting

would not be used beneficially; meets all health and safetȳ Pricing or other incentives
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efficiencies are usually lower than regional efficiencies Water savings due to agricultural water conserva-
due to reapplication of water in a region. A region cantion were quantified for each DAU on the basis of
reach very high efficiencies as a result of a few reappli-expected improvements in SAE. It is assumed that by
cations, even if on-farm efficiencies are fairly low.2020 SAE will reach 73 percent in all regions of Call-
Practices that encourage reapplication, such as tailwaterfornia, averaged across crop types, farmland
return and spill recovery systems, provide an opportu-characteristics, and management practices. The DU
nity to increase regional efficiency. Water reapplicationof irrigation methods limits SAE. The average DU of
can be the fastest and most economical way to boostirrigation systems in California is currently in the 70
regional efflciencies, to 75 percent range, based on irrigation system evalu-

Agri~ulturalWaterConservatlonPrograms. The ations conducted by the Department, resource
amount of applied water saved depends on the actionsconservation districts, water districts, and others. By
of both water suppliers and irrigation water users.2020, the average DU is expected to be about 80 per-
Achieving high on-farm water use efficiency is accom-cent. An irrigation method with a DU of 80 percent
plished by optimizing many factors includingcan achieve a maximum SAE of about 73 percent, as-
management (such as irrigation scheduling), irrigationsuming that irrigation events are properly timed, the
method, crop selection, and supply reliability. On-farmsoil is welt drained, and none of the field is under-
evaluations conducted by the Department and othersirrigated.
show that irrigation management is more important The Bulletin 160-98 forecast of conservation say-
than irrigation method in improving water use effi-ings was calculated by comparing two scenarios of 2020
ciency. (Chapter 5 describes common irrigationcrop applied water demand under differing levels of
methods.) SAE. First, crop applied water demand was computed

Bulletin 160-98 quantifies agricultural water con-based on the 2020 forecast of irrigated acreage and
servation based on assumed statewide implementationcrop mix, but at existing (1995 base) levels of SAE for
of the 1996 agricultural MOU described in Chaptereach major crop c~ategory. Then SAE for each crop cat-
2. The agricultural MOU provides a mechanism foregory was set to the 2020 forecast value and applied
planning and implementing EWMPs (see sidebar) thatwater demand was recomputed. Applied water savings
benefit water suppliers. The primary objective ofdue to conservation were taken as the difference in
EWMPs is for suppliers to better serve farmers in or-applied water demand under the two scenarios.
der to facilitate improvements in on-farm practices. Table 4-13 shows that agricultural water conser-
As of May 1998, 31 agricultural water agencies serv-vation would reduce applied water demands by about
ing about 3 million acres of land had signed the MOU.800 taf annually by 2020. Such reductions of applied
Signatories to the MOU have committed to imple-water generally do not create newwater supply; in most
ment specified EWMPs, based on their evaluation ofareas of California, excess irrigation water becomes
the benefits of each practice, available to other users. Even so, a reduction in ap-

EWMPs can lessen runoff and deep percolation
of irrigation water, reducing the amount of water farm-
ers must order from an irrigation district or pump from TABLE 4-13

their wells. Because the MOU is orientated to water 2020 Agricultural Water Use Reductions Due to

suppliers, it does not specify water use reduction fac- Conservation (tar)
tots and installation and/or compliance rates for farm
irrigation system improvements. Therefore, the De-

Region Applied Water Depletion

partment estimated water savings due to EWMPs based North Coast 1 0
San Francisco Bay 1 0

on their potential to remove impediments to optimal Central Coast 82 0
on-farm efficiency; expressed as increased SAE. SAE South Coast 31 10
resolves the interrelated effects of EWMPs and im- Sacramento River 203 0
proved on-farm management into one variable that San Joaquin River 148 2

quantifies the net result of water conservation efforts Tulare Lake 45 1
North Lahontan 17 0

by water suppliers and irrigation water users. It is ex- South Lahontan 20 10
pected that increasing use of EWMPs will yield more Colorado River 249 2!0
information on their water savings potential. Total 797 233

4-21 WATER USE ¯

C--094068
C-094068



The California Water l~lan [l_~date BULLETIN 160-98

plied water can serve other beneficial purposes such asto growers. For self-supplied agricultural water users,
reducing leaching of plant nutrients, reducing degra-good business practices dictate maximizing water use
dation of groundwater quality, and reducingefficienc~ in terms of crop yield per unit of water ap-
agricultural drainage, plied. Agricultural water prices in California vary

Only practices that lessen evaporation from waterwidely and are affected by factors such as geographic
surfaces, reduce evapotranspiration, or diminish irre-location and source of water supply. Appendix 4A pro-
coverable losses actually reduce depletions. Efficientvides background information on agricultural water
water management practices have relatively little ef-pricing. As described in the price elasticity informa-
fect on evaporation and ET. It is the location of watertion in the appendix, demand for irrigation water is
use, rather than the conservation measure employed,generally price inelastic over the price ranges evalu-
that is key to determining whether a reduction in irri-ated. There is no other commodity that can be
gation water application translates into a depletionsubstituted for the water required to grow crops. Wa-
reduction. Agricultural lands adjacent to the ocean, orter costs are typically a relatively small percentage of
where the groundwater or surface water is unaccept-the total cost of producing most crops.
able for reapplication, have the greatest potential for Crop markets, not water prices, generally domi-
reducing depletions through efficient water manage-hate the economics of crop production. Bulletin
ment practices. In California, such agricultural lands160-98 considers markets and other economic effects
are found in the South Coast Region, the west side ofin the modeling performed to forecast future irrigated
the San Joaquin Valle)~ and the Colorado River Re-acreage, as described later in this chapter. When fully
gion. implemented, CVPIA tiered pricing requirements may

Other water conservation planning requirementsprovide new data on water price/water use relation-
exist in addition to those in the agricultural MOU,ships for CVP contractors, as described in the appendix.
most notably those applying to water agencies con-
tracting with USBR. (CALFED’s proposed futureAgrieulturalAereage Forecasting

water use efficiency program is discussed in Chapter 6.) This section describes how 1995 base year irri-
The Reclamation Reform Act of 1982 directed DOI gated acreage is established, and how that information
to establish a water conservation planning program,is used to forecast 2020 irrigated acreage.
In 1992, CVPIA established additional water conser- Quantifying Present IrrlgatedAcreage. Forecasts
ration requirements for federal contractors receivingof future agricultural acreage start with land use data
CVP supplies. USBR published criteria for CVPIA that characterize existing crop acreage. The Depart-
conservation plans and is reviewing the plans whichment has performed land use surveys since the 1950s
contractors are required to submit. As of March 1998,to quantify acreage of irrigated land and correspond-
more than 70 federal water contractors had submitteding crop types, and currently maps irrigated acreage in
plans pursuant to CVHA criteria. Discussions are un-six to seven counties per year. The base data for land
derway with the agricultqral council established by theuse surveys is obtained from aerial photography or sat-
1996 MOU regarding developing a way for CVPIA ellite imagery, which is superimposed on a cartographic
plans to be accepted as plans complying with the agri-base. Site visits are used to identify or verify crop types
cultural MOU. CVPIA further requires that new, growing in the fields. From this information, maps
renewed, or amended CVP water service or repaymentshowing locations and acreage of crop types are devel-
contracts mandate that surface water delivery systemsoped. Figure 4-6 is an example of a typical land use
have water measurement devices or comparable meth-survey map, showing crop types in the Ceres 7.5 minute
ods of measuring water use. USGS quadrangle from the Department’s 1996

Agricultural Water Pricing. The relationship of Stanislaus County survey.
agricultural water pricing to water use and the role of The Department’s land use surveys focus on quan-
pricing in achieving water conservation have been sub-tifying irrigated agricultural acreage. Although fields
jects of discussion in recent years. For water suppliedof dry-farmed crops are mapped in the land use sur-
by public agencies, the elected board members of thoseveys, their acreage is not tabulated for calculating water
agencies ultimately have the responsibility for balanc-use. In certain areas of the State, climate and market
ing desires to achieve demand reduction through waterconditions are favorable for producing multiple crops
pricing with desires to provide affordable water ratesper year on the same field (for example, winter veg-
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FIGURE 4-6
Typical Land Use Survey Map
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California’s Nursery Industry
When people think of irrigated agriculture, crops that often 26 percent of national nursery product sales.

come to mind are commodities such as hay, grains, rice, rowAn important difference between the nursery industry and
crops, and cotton. However, nursery products (flowers, plants, other agricultural sectors is the extent to which the industry’s
turf-grass) rank as the State’s fourth largest farm product inrevenues are tied to urban, as well as to agricultural, water
gross value, behindmilk/cream, grapes, andcattle, andaheadsupplies. Bulletin 160 treats nursery water use as an
of cotton, almonds, and hay, according to 1996 Californiaagricultural use. Many of the industry’s products, however,
Department of Food and Agriculture statistics. The prominenceare destined for urban and commercial locations where urban
of the nursery industry reflects the extent of urbai~ization inwater supply availability influences landscaping choices and
California, as well as favorable climatic conditions, the market for nursery products.

California nursery products had a $1.6 billion farmgate About 25,000 acres are devoted to nursery products
value (wholesale value at the~farm) in 1996. San Diego is thein California. Much of the acreage is in proximity to
leading California county in nursery product valuation,urbanized, coastal regions of the State near markets and major
followed by Santa Barbara, San Mateo, and Los Angelestransportation routes.
Counties. California wholesale production represents about

etables followed by a summer cotton crop). In theseChapter 3.) Figure 4-7 illustrates some general trends
cases, annual irrigated acreage is counted as the sumin California cropping patterns over time.
of the acreage of the individual crop types. In the years Crop acreage by region for the normalized 1995 base
between county land use surveys, the Department es-is presented in Table 4-14. The 1995 base irrigated land
timates crop types and acreage using data collected fromacreage is about 9.1 million acres, which, when multiple
county agricultural commissioners, local water agen-cropped areas are tabulated, becomes a base irrigated
cies, University of California Cooperative Extensioncropped acreage of about 9.5 million acres.
Programs, and the California Department of Food and Forecasting Future Irrigated Acreage. The
Agriculture.

The starting point for determining Bulletin 160- FIGURE 4-7
98 1995 base acreage was normalized 1990 irrigated General Trends in
acreage from Bulletin 160-93. Changes in crop acre- Cropping Patterns Over Time
age between 1990 and 1995 were evaluated to
determine if they were due to short-term causes (e.g., Field Trees Truck
drought or abnormal spring rainfall),.~or if there was Crops 8, Vines Crops

an actual change in cropping patterns. Base year acre- so,
age was normalized to represent the acreage that would~~
most likely be expected in the absence of weather and ~ 70.
market related abnormalities. (More detail on the con-
cept of normalizing base year data is presented in"~ 60.

50.

.40.

so.

~ 20,

~ 10,The Central Valley produces most of Californias tomato crop.
Much of the crop is ased for proeessed tomato products, such
as eanucd tomatoes and tomato sauces. Acreage devoted to 0
truck crops like tomatoes is expeetod to increase in the future. 1970 1995 2020
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Water Use Impacts from Urbanization of Growth in the Fresno area has caused expansion of urban
Agricultural Lands--A San Joaquin Valley development onto adjoining agricultural lands. Figure 4-8 is
Example a plot of Department land use data illustrating the long-term

The Department projects a decline in California’s irrigated expansion of urban development onto agricultural lands in
acreage by 2020, due in part to urbanization of agricultural the area. Department data show that average urban applied
lands. Much of this urbanization willoccur in the South Coast water use in the Fresno area (urban water use includes
Region and in the San Joaquin Valle)n Potential changes inresidential, commercial, and industrial purposes) is equivalent
water use resulting from land use conversion are often ofto about 3.2 af/acre. Typical agricultural applied water use
concern to local agencies responsible for land use planningfor crops grown in the area is shown below. Actual agricultural
or for providing water supplies. Changes in water use mustapplied water use for an individual crop will vary with field-
be evaluated on a site-specific basis, as the following examplespecific conditions such as soil type and irrigation method.
for the San Joaquin Valley illustrates.

Changes in water use depend on the kinds of crops grown
and the density and type of urban development in an area. In
the case of single-family dwellings, applied water use variesType of Use Applied Water Use

with housing density. Numerous studies have shown that (ajgacre)

dwellings on larger lots use more water per dwelling unit due
to the larger landscaped areas. However, higher density Urban 3.2

devdopments have the greater applied water use per acre of Agricultural

land. A recent Department study of the Fresno area showed Barley 1.3
that applied water use of single-family dwellings and Grapes 2.9
agricultural crops were similar at low housing densities (four Cotton 3.2
or five units per acre). However, higher density single-family Deciduous orchard 3.5
dwellings (six units or more per acre) that have become Pasture (improved) 4.5
common in today’s new home construction market tended Alfalfa 4.7
to have greater applied water requirements than some
crops.

Department’s 2020 irrigated acreage forecast was de-modities are no longer in force. Commodities with
rived from staff research, a crop market outlook study,significant federal price support include wheat, feed
and results from the Central Valley Production Model.grains, rice, cotton, dairy products, sugar, and peanuts.)
As with any forecast of future conditions, there areThe overall impact of the act to California may be
uncertainties associated with each of these approaches,less than its impact to states whose agriculture is less
The Department’s integration of the results from threediversified and who are less active in export markets.
independent approaches is intended to represent a bestIn 1994, for example, federal farm bill production pay-
estimate of future acreage, absent major changes fromments to California growers represented about 1
present conditions. It is important to emphasize thatpercent of California’s agricultural revenue. The po-
many factors affecting future cropped acreage are basedtential impacts of FAIRA to California’s agricultural
on national (federal Farm Bill programs) or interna-market are considered in Bulletin 160-98 by the crop
tional (world export markets) circumstances. Californiamarket outlook study.
agricultural products compete with products from Intrastate factors considered in making acreage
other regions in the global economy and are affectedforecasts included urban encroachment onto agricul-
by trade policies and market conditions that reach fartural land and land retirement due to drainage
beyond the State’s boundaries, problems (discussed in more detail in the following

The Federal Agriculture Improvement and Reformsection). Urbanization on lands presently used for ir-
Act of 1996, for example, affects agricultural marketsrigated agriculture is asignificant consideration in the
nationwide, by changing federal price supports forSouth Coast Region and in the San Joaquin Valley,
specified agricultural commodities. Under the termsbased on projected patterns of population growth. (See
of that act, federal payments to growers will be reducedsidebar on water use impacts of land conversion.) DOF
by 2002, and prior farm bill provisions that required2020 population forecasts, along with information
growers to reduce planted acreages of regulated com-gathered from local agency land use plans, were used
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to identify irrigated lands most likely to be affected byOther Factors Affecting Forecasted Irrigated
urbanization. Local water agencies and county farmA~reage. The process of estimating future irrigated
advisors were interviewed to assess their perspectiveacreage considered statewide factors such as crop mar-
on land use changes affecting agricultural acreage. Forkets and urban expansion onto agricultural lands. The
example, urbanization may eliminate irrigated acreageDepartment considered an additional region-specific
in one area, but shift agricultural development ontofactor, the long-standing agricultural drainage man-
lands presendy used as non-irrigated pasture. Soil typesagement issues on the west side of the San Joaquin
and landforms ~e important constraints in agricul-Valley. Drainage management issues in this area have
tural land development. If urbanization occurs ona dual focus--salt management to permit continued
prime Central Valley farmland, some agricultural pro-agricultural production on lands requiring drainage
duction may be able to shift to poorer quality soils onsystems, and trace minerals management (principally
hillylands adjoining the valley floor.A consequent shiftselenium) to limit adverse water quality and environ-
in crop types and irrigation practices would likely re-mental impacts.
suit--for example, from furrow-irrigated row crops to The need for drainage systems to permit farming
vineyards on drip irrigation, in some westside areas was recognized concurrently

The Department’s crop market outlook, a formwith the development of irrigated agriculture in the
of Delphi analysis, was developed using informationregion. USBR’s San Luis Drain, for example, was origi-
and expert opinions gathered from interviews withnally planned to convey drainage water out of the valley
more than 130 University of California farm advisors,to the Delta. The drain was instead terminated at
agricultural bankers, commodity marketing specialists,Kesterson Reservoir, where waterfowl mortalities led
managers of cooperatives, and others. Three basic fac-to discovery of elevated selenium levels in the early
tors guided the CMO: current and future demand for1980s. The drain was subsequently dosed. (A discus-
food and fiber by the wodd’s consumers; the share Call-sion of trial reopening of part of the drain for the
fornia could produce to meet this worldwide demand;Grasslands Bypass Channel Project is provided in
and technical factors, such as crop yields, pasture car-Chapter 8.) Post-Kesterson studies of valley drainage
rying capacities, and livestock feed conversion ratiosproblems have sought to quantify factors such as ex-
that affect demand for agricultural products. (Milk andtent of areas with shallow depths to groundwater,
dairy products are California’s largest agricultural prod-tributary areas in Coast Range sediments from which
uct, in terms of gross value. The demand for thesetrace minerals are derived, and water quality character-
products is reflected in the markets for alfalfa, grains,istics of drain water and shallow groundwater.
and other fodder used by dairies.) The CMO forecastsThe 1990 report of the interagency San Joaquin
a statewide crop mix and estimates corresponding irri-Valley Drainage Program projected that as much as
gated acreage. The major findings of the CMO for460,000 acres of irrigated land would be taken out of
year 2020 were that grain and field crop acreage wouldproduction by the year 2020 if the report’s recommen-
decrease, while acreage of truck crops and permanentdations were not implemented. The report
crops would increase, recommended retirement of 75,000 acres of land hav-

The Central Valley Production Model is aing the worst drainage problems by 2040. The Bulletin
mathematical programming model that simulates160-98 year 2020 acreage forecast follows the same
farming decisions by growers. Inputs include detailedprocedure used in Bulletin 160-93 and assumes that
information about production practices and costs asthe 75,000 acres would be retired at an average rate of
well as water availability and cost by source. The model1,500 acres per year. Thus, 45,000 acres ofland would
also uses information on the relationship between pro-be retired between 1990 and 2020. USBR’s 1997 re-
duction levels of individual crops and crop marketquest for proposals for the CVPIA land retirement
prices. The model’s geographic coverage is limited toprogram (described in Chapter 6) elicited offers to sell
the Central Valley, which represents about 80 percent31,000 acres of drainage-impaired lands, suggesting
of the State’s irrigated agricultural acreage. The CVPMthat the assumed 45,000 acres of land retirement could
results also indicated future crop shifting, from grainsoccur by 2020.
and field crops to vegetables, trees, and vines. TheData from the Department’s monitoring program
CVPM forecast showed a small reduction in.crop acre-for groundwater levels in the San Joaquin Valley are
age from 1995 to 2020. shown in Figure 4-9. Agricultural acreage with a water
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FIGURE 4-9
Areas of Shallow Groundwater in the San Joaquin Valley
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Agroforestry Research eucalyptus. Drainage water from the trees would be reused
Agroforestry is being tested for managing drainage impaired again to irrigate highly salt-tolerant plants such as saltgrass.

lands. Agroforestry systems integrate trees and shrubs into Finally, the drainage water would be discharged into a solar
cropping activities to produce marketable products and/or evaporator. This is an experimental program. To be
provide resource conservation. Agroforestry principles could commercially successful, markets would need to be found
be applied to on-farm water management, where increasingly for the eucalyptus trees and other biomass produced. In 1985
saline water would be applied to successively more salt-tolerant a cooperative effort among several growers and agencies began
plants to reduce drainage volumes. For example, drainageat a 27-acre site near Mendota. A second research project of
water from salt-sensitive crops could be used to irrigate a salt- 622 acres was established at Red Rock Ranch in Fresno
tolerant crop like cotton. Drainage water from the cotton County in 1993, and a third research project was started by
would then be used to irrigate salt-tolerant trees, such as Tulare Lake Basin Drainage District.

table within 10 feet of the surface increased from DFA) and four federal agencies (USBR, USFWS,
1,061,000 acres in 1991 to 1,262,000 acres in 1997. USGS, and Natural Resource Conservation Service)
Agricultural lands with a water table within 5 feet of signed a 1991 MOU to participate in a cooperative
the surface increased from 311,000 acres in 1991 to interagency program. The program was to address the
743,000 acres in 1997. Increases in the extent ofshal- management plan’s eight major recommendations:
low groundwater coincide with the end of drought source control, drainage reuse, evaporation ponds, land
conditions and above-average rainfall. (The retirement, groundwater management, limiting dis-
Department’s monitoring program is limited to mea- charge to the San Joaquin River, and institutional
surement of groundwater levels. There has been no change. (The plan’s recommendations did not address
region-wide monitoring of selenium and other con- disposal of drain water outside of the Central Valley.)
stituents in shallow groundwater since the 1987 work Significant progress has been made on some recom-
performed for the 1990 report.) mendations. Some examples of drainage management

To implement recommendations of the 1990 re- activities are described in Chapters 7-9.
port, four State agencies (DWR, SWRCB, DFG, and In 1997, the interagency drainage program drafted

the conversion of
im4gated lands to urban

use indud~ the lands’
proxlmi~ to ex~su’ng

urban areas and
transporta~on

eom4dors, and local
agency land use

planning and zoning
polldes.
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an activity plan to update the report’s recommenda-document with an implementation schedule for land
tions with new information. The activity plan isconversion has not yet been prepared), and because
scheduled for completion in 1999. Source control ob-CALFED’s preliminary numbers are so large relative
jectives of the 1990 report have been achieved orto the Bulletin’s market-based forecast ofirrigated acre-
exceeded over large areas. In the first year of Grass-age that they would negate the results of the forecast.
lands Bypass Channel Project implementationOverall, CALFED program activities as presently
(described in Chapter 8), irrigation and drainage modi-planned could convert up to 290,000 irrigated acres
fications by Grasslands area farmers reduced seleniumto habitat and other uses, an amount almost as great
discharges to the San Joaquin River. Tiered water pric-as the 325,000 acre reduction in irrigated acreage fore-
ing has been implemented in the drainage problemcast in the Bulletin. Water use implications of
area of the Grasslands subarea. Three agroforestrylarge-scale land conversions are not included in the
drainage reuse research projects have been implementedBulletin 160-98 forecast. Impacts of such land con-
(see sidebar), versions are expected to be addressed in the next water

One factor not included in Bulletin 160-98 irri-plan update, when CALFED’s program may be better
gated acreage forecasts is the potential large-scaledefined.
conversion of agricultural land to wildlife habitat for The difiqculty in estimating impacts from large-
reasons other than the westside drainage problems de-scale land conversion programs stems from the domino
scribed above. The CALFED program represents theeffect that changes in acreage in one location have on
largest pending example of potential conversion of it-acreage and crop types in other areas, and how crop
rigated agricultural lands to habitat, as described inmarkets determine which crop shifts are feasible. For
CALFED’s March 1998 draft programmatic EIR/EIS example, CALFED’s preliminary reports suggest that
and supporting documents. CALFED’s potential landup to 190,000 irrigated acres in the Delta could be
conversion amounts have not been included in the BUl-converted to other land uses. This amount represents
letin 160-98 irrigated acreage forecast because they areabout 40 percent of Delta irrigated acreage, where prin-
preliminary at this time (a site-specific environmentalcipal crops are corn, alfalfa, tomatoes, grain, orchard

Alfalfa and Market Conditions
The market for California alfalfa is closely tied to the State’s Relatively little raw milk flows into or out of the State.

dairy industry. California is the nation’s leading dairy state.California’s dairy industry is based on in-state production and
According to DFA’s 1996 statistics, milk/cream productionprocessing capaci~ The demand for milk products is greatest
amounted to $3.7 billion, making it the State’s top-valuedin the State’s major population centers -- the San Francisco
agricultural commodity. California, with about 1.3 millionBay Area and urbanized Southern California. Dairy
dairy cows and over 2,300 dairy farms, accounted for almostproduction has been concentrated in the San Joaquin Valley
17 percent of the nation’s dairy production in 1996. Leadingand in the Inland Empire region of Southern California,
dairy counties areTulare, San Bernardino, Merced, Stanislaus,within convenient distances of major markets. Increasing
and Riverside. urbanization of formerly agricultural lands in Southern

Alfalfa supports the dairy and livestock industriesCalifornia is shifting more dairy production to the southern
(including the recreational horse industry) and also providesSan Joaquin Valley. To supply feed to these dairies, the San
about one-third of the nation’s honey production. In-stateJoaquin Valley has become the largest production area for
alfalfa production does not meet all of the demand withinalfalfa in the State, producing nearly halfofCalifornia’s alfalfa.
California. Alfalfa is trucked from the intermountain states According to DFA, California’s Grade A milk production
to Central California dairies. Although some alfalfa is exportedcan be broken down into the following categories:
from California (mostly to Japan), imports into California have
exceeded exports by 1 to 8 percent over the past several years. Cheese 36%

California milk/cream production has increased more thanButter & nonfat dry milk 29%
50 percent in the past 12 years. About half of this increase is Fluid milk products 24%
due to increases in milk yield per cow and the remainder isFrozen dairy products 6%
due to increased numbers of cows. This has created a Soft products 5%
continuing demand for alfalfa. Most dairy rations in California
contain some component of alfalfa.
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The proMmlty of Cal~fornla
agriculture to densely
populated urban markets
encourages the producaon
of spedalty crops. Pumpkin
patches and Cbrlstmas tree
lots are examples of
spedallzed urban niche
markets.

crops, and truck crops (e.g., asparagus). Some landricultural products. Pasture and field crops are fore-
conversion in the Delta might result in production oncasted to decline by about 631,000 acres. Truck crops
new agricultural lands--most likely, rolling hills onand permanent crops are forecasted to increase by about
the edge of the valley floor which are suitable for only238,000 and 68,000 acres, respectively. Acreage with
limited crop types (orchards and vineyards). Some ofmultiple cropping is forecasted to increase by 108,000
the land conversion might result in increased demandacres, reflecting the expected increased production of
in other areas for the affected crops, such as increasedtruck crops. These statewide findings are used in
demand for asparagus from the Imperial and Salinasdeveloping the forecasted agricultural water
Valleys. demands.

Results of 2020 Acreage Forecast. Table 4-15
shows the 2020 irrigated acreage forecast. The totalSummary of Agrlcultural Water Use
irrigated crop acreage is forecasted to decline byCrop water use information and irrigated acreage
325,000 acres from 1995 to 2020, primarily in thedata are combined to generate the 2020 agricultural
San Joaquin Valley and South Coast areas. Reductionswater use by hydrologic region shown in Table 4-16.
in crop acreage are due to urban encroachment, drain-As previously noted, the 2020 forecasted values take
age problems in the westside San Joaquin Valley, and ainto account EWMP implementation, which results
more competitive economic market for California ag-in a 2020 applied water reduction of about 800 tar.

TABLE 4-16

Applied Agricultural Water Use by Hydrologic Region (tar)

1995 2020

Region                   Average Drought Average Drought

North Coast 894 973 927 1,011
San Francisco Bay 98 108 98 108
Central Coast 1,192 1,279 1,127 1,223
South Coast 784 820 462 484
Sacramento River 8,065 9,054 7,939 8,822
San Joaquin River 7,027 7,244 6,450 6,719
Tulare Lake 10,736 10,026 10,123 9,532
North Lahontan 530 584 536 594
South Lahontan 332 332 257 257
Colorado River 4,118 4,118 3,583 3,583
Total (rounded) 33,780 34,540 31,500 32,330
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Environmental Water ,Use Flows in W~ld and Sce~nic Rivers

Bulletin 160-98 defines environmental water as Flows in wild and scenic rivers constitute the larg-
the sum oi~ est environmental water use in the State. Figure 4-10
¯ Dedicated flows in State and federal Wild andis a map of California’s State and federal wild and sce-

scenic rivers nic rivers.
¯ Instream flow requirements established by water The 1968 National Wild and Scenic Rivers Adt,

right permits, DFG agreements, dourt actions, orcodified to preserve the free-flowing characteristics of
other administrative documents ~rivers having outstanding natural resources values, pro-

- Bay-Delta outflows required by SWRCB hibit;d federal agencies from constructing, authorizing,
¯ Applied water demands of managed freshwater’ or funding the construction ofwater resources project~

wildlife areas having a director adverse effect on the values for which
This definition recognizes that dertain quantitiesthe river was designated. (This restriction also applies

of water have been set aside or otherwise managed forto rivers designated for potential addition to the na-
environmental purposes, and that these quantities can-tional wild and scenic rivers system.) There are two
not be put to use for other purposes in the locationsmethods fgr having a river segment added to the fed-
where the water has been reserved or otherwise man-eral system~congressional legislationl or a state’s
aged. This definition also recognizes that these uses ofpetition to the Secretary of the Interior for federal des-
environmental water can be quantified. Unlike urbanignation of a river already protected under state statutes.
and agricultural water use, much of this environmen-No new federal designations have been made since
tal water use is brought about by legislative orpublication of Bulletin 160-93.
regulatory processes. Certainly the environment uses A number of river systems within lands managed
more water than is encompassed in this definition--by federal agencies are being studied as candidates. For
the rainfall that sustains the forests of the Sierra Nevadaexample, U.S. Forest Service draft environmental docu-
and the North Coast, the winter runoff that supportsmentation in 1994 and 1996 recommended
flora and fauna in numerous small streams, the shal-designation of 5 streams (129 river miles) in Tahoe
low groundwater that supports riparian vegetation inNational Forest and 160 river miles in Stanislaus Na-
some ephemeral streams but the Bulletin’s definitiontional Forest. These waterways drain to the Central
captures uses of water that are managed (in one fashoValley where their flows are used for other purposes,
ion or another) and quantifiable. As described earlier,and wild and scenic designation would not affect the
average annual statewide precipitation over California’sexisting downstream uses.
land surface amounts to about 200 maf. About 65 The California Wild and Scenic Rivers Act of 1972
percent of this precipitation is consumed throughprohibited construction of any dam, reservoir, diver-
evaporation and transpiration by the State’s forests,sion, or other water impoundment on a designated
grasslands, and other vegetation. The remaining 35river. As shown on Figure 4-10, some rivers are in-
percent comprises the State’s average annual runoff ofctuded in both federal and State systems. No new State
about 71 maf. The environmental water demands dis-designations have been made since Bulletin 160-93,
cussed in this section are demands that would be metalthough the Mill and Deer Creeks Protection Act of
through a designated portion of that average annual1995 (Section 5093.70 of the Public Resources Code)
runoff, gave portions of these streams special status similar to

The following discussion covers factors affectingwild and scenic designation, by restricting construc-
the four categories of environmental water use. As withtion of dams, reservoirs, diversions or other water
urban and agricultural water use, options for meetingimpoundments.
future environmental water needs--such as federal Tables 4-17 and 4-18 show the wild and scenic
acquisition and transfer of water to meet CVPIAAFRP river flows used in Bulletin 160-98 water budgets by
goals--are covered in Chapter 6 and in the regionalwaterway and by hydrologic region. The flows shown
water management chapters. The environmental wa-are based on the rivers’ unimpaired flow. (The unim-
ter use categories below are discussed in order ofpaired flow in a river is the flow measured or calculated
size from greatest (wild and Scenic rivers) to smallestat some specific location that would be unaffected by
(wildlife refuges). Environmental water use is shownstream diversions, storage, imports 0r exports, and re-
on an applied water basis, turn flows.) For the average year condition, the
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FIGURE 4-10
California Wild and Scenic Rivers
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TABLE 4-17

Wild and Scenic River Flows by Waterway (taf)

1995 2020

Waterway Average Drought Average Drought

Klamath 9,070 3,980 9,070 3,980
Smith 2,920 1,720 2,920 1,720
Eel 5,810 2,200 5,810 2,200
Big Sur 83 22 83 22
Sisquoc 15 6 15 6
Sespe Creek 69 51 69 51
Middle Fork Feather 1,129 497 1,129 497
North Fork American 584 239 584 239
Lower American 20 0 20 0
Tuolumne 1,192 572 1,192 572
Merced 782 367 782 367
Kings 896 448 896 448
North Fork Kern 628 275 628 275
South Fork Kern 90 28 90 28
East Fork C~son 71 34 71 34
West Walker 200 120 200 120
Total (rounded) 23,560 10,560 23,560 10,560

TABLE 4-18

Wild and Scenic River Flows by Hydrologic Region (taf)

1995 2020

Region              Average Drought Average Drought

North Coast 17,800 7,900 17,800 7,900
San Francisco Bay 0 0 0 0
Central Coast 98 28 98 28
South Coast 69 51 69 51
Sacramento River 1,733 736 1,733 736
San Joaquin River 1,974 939 1,974 939
Tulare Lake 1,614 751 1,614 751
North Lahontan 271 154 271 154
South Lahontan 0 0 0 0
Colorado River 0 0 0 0
Total (rounded) 23,560 10,560 23,560 10,560

long-term unimpaired flow from the Department’s Bul-water agenc)~ by terms and conditions in a water right
letin 1 was used. The estimated average unimpairedpermit from SWRCB, by terms and conditions in a
flow for the 1990-91 water years was used for theFERC hydropower license, by a court order, or by an
drought condition, agreement among interested parties. Required flows

on most rivers vary by month and year type, with wet
Instream Flows year requirements generally being higher than dry year

Instream flow is the water maintained in a streamrequirements. Converting from net water use budgets
or river for instream beneficial uses such as fisheries,used in prior editions of Bulletin 160 to the applied
wildlife, aesthetics, recreation, and navigation. Instreamwater budgets used in Bulletin 160-98 created a chal-
flow is a major factor influencing the productivity andlenge in properly accounting for multiple instream
diversity of California’s rivers and streams, flows within a river basin. Bulletin 160-98 Used a sim-

Instream flows may be established in a variety ofplified approach in which only the largest downstream
ways--by agreements executed between DFG and aflow requirement was included in the water budgets.
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Part of Sespe Creek is
included in the wild
and sc~nlc r~ver syston.
The creek, located in
Ventura Count, is
tributary to the Santa
Clara River.

This simplified approach undercounts applied instreamrequirements include listings or potential listings of
flow requirements on streams having multiple require-new fish species, habitat restoration programs, and pro-
ments. The Department is developing a new modelinggrams to acquire water for environmental purposes.
approach for the next water plan update that will more Recent decisions on federal listing ofcoho salmon
accurately quantify applied instream flows, and steelhead trout (see Chapter 2) are likely to influ-

Since the determination of 1990-1evel instreamence water management decisions affecting these
flow values used as base conditions in Bulletin 160-species, but the specific actions will ultimately depend
93, subsequent agreements or decisions have increasedon the outcome of consultations, biological assess-
or added instream flow requirements for the Trinityments, biological opinions, and habitat conservation
River, Mokelumne River, Stanislaus River, Tuolumneplans. In 1997, the Governor’s Executive Order W-
River, Owens River, Putah Creek, and Mono Lake159-97 created the Watershed Protection and
tributaries. In addition, ten new waterways have beenRestoration Council. The council oversees State wa-
added to the Bulletin 160-98 instream flowwater bud-tershed protection and enhancement activities,
gets the Mad River, Eel River, Russian River, Truckeeincluding restoration ofanadromous fish. One goal of
River, East Walker River, Nacimiento River,. Santhis effort is to provide sufficient protection to coho,
Joaquin River (at Vernalis), Walker Creek, Lagunitassteelhead, and other anadromous salmonids to satisfy
Creek, and Piru Creek. The sidebar on American RiverESA requirements. Successful implementation of this
environmental water use illustrates how environmen-program could lessen water supply impacts of salmo-
tal water demands are treated in Bulletin 160 waternid listings.
budgets. Coho salmon are found in coastal streams and in

Factors Affecting Future Instream Flows. It is large river systems such as the Klamath River and its
difficult to forecast future regulatory actions or agree-tributaries. Some of the greatest potential for new wa-
ments that could change existing instream flowter supply impacts could be on the Klamath River
requirements. Bulletin 160-98 thus does not attemptsystem (including its Trinity River tributary), where
to quantify the outcome of future regulatory or ad-USFWS is finalizing instream flow studies for several
ministrative actions. Factors likely to affect future flowsalmonids. Steelhead populations are distributed
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throughout coastal streams and rivers, and are alsoAs described in Chapters 5 and 6, many habitat
found in the Sacramento Valley. (Wild stocks of steel-restoration programs are underway and substantial
head in the Sacramento River system are mostlyfunding is available for restoration actions. Improve-
confined to upper watershed tributaries such as Ante-ments such as facilitating fish passage, replenishing
lope, Deer, and Mill Creeks, and the Yuba River. Thespawning gravel, and restoring shaded riverine habitat
San Joaquin River system no longe~ supports a signifi-will help in efficient managementof water used for
cant natural steelhead population--most steelheadenvironmental purposes. Specific benefits of habitat
found in the system are hatchery fish.) Data from therestoration will have to be evaluated on a watershed-
SWP and CVP pumping plants in the southern Deltaby-watershed basis--it is not possible to quantify
indicate that most juvenile steelhead move through thepotential water supply implications of present and fu-
Delta during the winter and early spring, when Bay-ture habitat restoration actions at a statewide level.
Delta Accord restrictions are already in place. WaterExamples of programs or projects now underway are
supply impacts on coastal rivers and streams must bedescribed in later chapters.
evaluated from a basin-specific standpoint. The 1997 draft programmatic EIS for CVPIA

The spring-run chinook salmon traditionallyimplementation describes federal water acquisition al-
spawned in upper reaches of Central Valley rivers andternatives for the AFRP. Table 4-19 shows the amounts
their tributaries. Today; Deer, Mill, and Butte Creeksproposed in alternative 4 of the draft PEIS. These flows
are considered crucial Sacramento River tributaries forrepresent the high end of potential federal water ac-
spring-runspawning. Sustaining populations of spring-quisition actions. Under USBR’s assumptions for
run are also found in Battle Creek, and the Featheralternative 4, the instream flows are not allowed to be
and Yuba Rivers, although there are questions aboutexported at the Delta. Quantification of alternative 4
the genetic integrity of these populations because offlows was provided by PROSIM operations studies.
interbreeding between fall-run and spring-run salmon.The federal agencies’ ability to acquire the water would
Portions of Deer and Mill Creeks have been given spe-be subject to their finding willing sellers.
ciat status by State legislation to help protect the fishery. In addition to water acquisition on major rivers

Environmental Water Use--An American
River Example environmental demands are not consumptive; hence, the

As discussed in Chapter 3, the return flow from one watersurface supplies are available for downstream use.
use can become the supply for the next downstream use. The The American River has several instream flow requirements
applied water budgets in Bulletin 160-98 reflect the multipleon its three forks as well as on its mainstem. For example, a
uses which supplies in a river basin may have. Reapplication54 tar (75 cfs) requirement exists below Ralston Afterbay Dam
of flows in the American River for environmental purposeson the middle fork and a 72 tar (100 cfs) requirement exists
provides an illustration of how the Bulletin accounts forbelow Chili Bar Dam on the south fork. The river’s largest
multiple uses in its water budgets, instream flow requirement is on the mainstem below Nimbus

The American River originates in the Sierra Nevada,Dam. This 234 tar requirement is the only American River
flowing generally from east to west down through the foothills instream flow requirement accounted for in the water budgets.
into the Sacramento Valley, ultimately reaching theAs with wild and scenic demands, the American River
Sacramento River and the Delta. The upper watershed of theinstream flow requirement is shown as environmental water
American River consists of the north, middle andsouth forks,use on the demand side of the budget and as required
The mainstem, or Lower American River, begins near Folsomenvironmental instream flow on the supply side of the budget.
at the confluence of the north and south forks. EnvironmentalThis environmental demand is not consumptive; therefore,
water supplies are reapplied at several locations between thethe surface supply is available for downstream use.
upper watershed and the Delta. Required instream flow in the American River is reapplied

Wild and scenic environmental water demands exist ondownstream to meet Delta outflow requirements. The Bulletin
the American River’s north fork (584 tar) and mainstem (20160-98 water budgets classify this flow as reapplied surface
tar). In Bulletin 160-98 water budgets, American River wildwater supply. About 70 percent of the Delta’s 5.6 mar
and scenic flows are classified as environmental water use onenvironmental demand (4.0 mar) is satisfied through
the demand side of the budget and as required environmentalreapplication of water released to meet environmental
instream flow on the supply side of the budget. Theseinstream requirements in rivers tributary to the Delta.
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TABLE 4-19
Proposed Instream Flows, CVPIA PEIS Alternative 4 (taf)

Loca~on Re, on Target Average

Merced River San Joaquin River 200 194
Tuolumne River San Joaquin River 200 197
Stanislans River San Joaquin River 200 194
Calaveras River San Joaquin River 30 27
Mokelumne River San Joaquin River 70 62
Yuba River Sacramento River 100 87
Total 800 761

for the Alternative 4 instream flows shown in the table,the minimum annual required flow volume. For aver-
the draft PEIS also proposes water acquisition onage water years, the annual required flow volume is
smaller Sacramento River tributaries such as Deer, Mill,computed by combining the expected number of years
and Battle Creeks. The draft PEIS does not quantifyin each year type (wet, above normal, normal, below
target flows and acquisitions for these smaller tribu-normal, and/or dr~ as specified in the existing agree-
taries, ment or order).

The public comment period on the draft CVPIA In water budget computations, the Department
PEIS dosed in April 1998 and USBR and USFWScounts instream flows as depleted if the flows go di-
expect to release a final PEIS in 1999, after the publi-rectly to a salt sink, such as the ocean. In the Central
cation date of this Bulletin. Valley where some instream flows may reach the ocean,

CVPIA authorizes DOI to acquire supplementalany depletions are counted toward required Deka out-
water from willing sellers. At this time, no long-termflow (see following section). This approach avoids
sources (e.g., long-term contracts for water transfers)counting depletions twice--once as instream flow and
have been established water acquired has been pur-once as Delta outflow.
chased on a year-to-year basis. It is not possible to
identify specifically how and where the supplementalBay-Ddta Ou~gow

water would be obtained in the future, or what other Environmental water use for Bay-Delta outflow is
water demands might be reduced as a result of CVPIAcomputed by using operations studies to quantify
water transfers. Chapter 6 provides more detail on howSWRCB Order WR 95-6 requirements. This section
water marketing arrangements are treated in Bulletinbriefly describes the Deltas setting and some of its en-
160 water budgets, vironmental resource issues. Readers interested in

As discussed in Chapter 2, CVPIA also affects Trin- detailed descriptions of Ddta hydrodynamics, facili-
ity River instream flows, by requiring that Trinity Riverties, and environmental resources may wish to review
flows be maintained at not less than 340 taf/yr whilethe extensive materials prepared by the Interagency
USFWS conducts an instream flow study that was toEcological Program, San Frandsco Estuary Program,
be completed by 1996. USFWS’s preliminary resultsor CALFED program.
suggest that instream flows of 592 taf/yr (weighted Satlng. The Bay-Ddta has two high tides and two
average of five water year types) may be proposed,low tides every day. An enormous volume ofwarer (an
USBR, USFWS, Trinity County, and the Hoopa Val-average of about one-fourth of the estuaw’s total vol-
leyTribe are preparing an EIRJEIS to evaluate impactsume), moves in and out of the estuary with each tidal
of the proposed flows. A draft EIR/EIS has not yetcycle. Tidal action and Delta outflow are two impor-
been released. Bulletin 160-98 uses the existingrant physical’processes which establish salinity gradients
instream flow requirement of 340 taf/yr since a formaland carry sediments through the system. Tidal action
proposal for newTrinity River instream flows has notand Delta outflow cause seaward-flowing fresh water
yet been released, from the rivers to mix with denser landward-flowing

Instream Flow Summary. Tables 4-20 and 4-21salt water from the ocean. The average tidal flow rate
show instream flows used in Bulletin 160-98 waterin the Delta is about 170,000 cfs, much greater than
budgets by waterway and by hydrologic region. Thethe average seaward flow of fresh water from rivers and
drought year scenario shown in the tables representsstreams.
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CVPIA Anadromous Fish Restoration Program local agency wished to participate with USBR or USFWS in
One provision of CVPIA directed DOI to develop (by the action.) The revised draft plan is scheduled to be followed

October 1995) and to implement a program "which makesby an implementation plan that would review priority actions
all reasonable efforts to ensure that, by the year 2002, naturalto be taken in the next three to five years.
production of anadromous fish in Central Valley rivers and The CVPIA tools available to USFWS and USBR to carry
streams will be sustainable, on a long-term basis, at levels notout the AFRP include the 800 tafofproject water dedicated
less than twice the average levels attained during the periodfor environmental purposes, the authority to acquire
of 1967-1991". (The SanJoaquin River between Friant Damsupplemental water to achieve AFRP goals, and the many
and Mendota Pool is not covered by this goal.) In response tophysical habitat restoration measures required in the act (e.g.,
this provision, USFWS prepared a 1995 working paper listingrestoring spawning gravel, screening diversions, improving
many potential restoration actions (some involving instreamfish passage at Red BluffDiversion Dam). The CVP dedicated
flows, and some not) without regard to their reasonableness,water is only available to USFWS and USBR on CVP-
Elements of that working paper were subsequentlycontrolled rivers below the major project dams. For other
incorporated into a revised draft restoration plan prepared inCentral Valley waterways, the agencies are proposing to carry
May 1997. One function of the draft plan was to evaluate (atout a water acquisition program to buy water to meet AFRP
a programmatic level) the reasonableness of implementingneeds. The quantity of water to be acquired is subject to
potential restoration actions, given the authority and fundingavailable federal funding and the availability of water on the
provided DOI by CVPIA. (For example, a potential market. USBR’s 1997 draft CVPIA PEIS illustrates costs
restoration action that would involve modifying the diversion and impacts associated with different levels of supplemental
works of a local water agency would only be reasonable if~ewater acquisition.

Fish species covered by the CVPIA’s doubling goal are salmon, steelheaa~ striped bass, sturgeon, and American shad. This
sturgeon was photographed at the Steinhart Aquarlum.
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TABLE 4-20
Instream Flow Requirements by Waterway (taf)a

1995 2020
River or Creek Average Drought Average Drought

Klamath 833 833 833 833
Trinity 341 341 341 341
Mad 46 46 46 46
Eel 49 15 49 15
Russian 142 51 142 51
Lagunitas Creek 10 9 10 9
Walker Creek 6 0 6 0
Carmel 4 2 4 2
Nacimiento 16 7 16 7
Piru Creek 4 4 4 4
Clear Creek 25 25 25 25
Cache Creek 7 7 7 7
Putah Creek 22 22 22 22
Sacramento 1,945 1,702 1,945 1,702
Feather 880 588 880 588
Yuba 274 196 274 196
Bear 10 10 10 10
American 234 234 234 234
Mokelumne 158 84 158 84
Stanislaus 187 158 187 158
Tuolumne 214 94 214 94
Merced 79 67 79 67
San Joaquin 532 309 532 309
Truckee 70 70 70 70
East Walker 15 15 15 15
Mono tributaries 82 56 82 56
Owens 25 25 25 25
Total (rounded) 6,210 4,970 6,210 4,970
a On streams with multiple instream requirements, only the lagest downstream requirement is included in Bulletin 160-98 water budgets.

TABLE 4-21

instream Flow Requirements by Hydrologic Region (taf)

1995 2020

Region                   Average Drought Average Drought

North Coast 1,410 1,285 1,410 1,285
San Francisco Bay 17 9 17 9
Central Coast 20 9 20 9
South Coast 4 4 4 4
Sacramento River 3,397 2,784 3,397 2,784
San Joaquin River 1,169 712 1,169 712
Tulare Lake 0 0 0 0
North Lahontan 85 84 85 84
S o uth Lahontan 107 81 107 81
Colorado River 0 0 0 0
Total (rounded) 6,210 4,970 6,210 4,970
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Recovery Efforts for Winter-Run Chinook
Salmon

As indicated by the plot of winter-run salmon escapement,
there has been a long-term decline in the species’ population.
The ultimate goal for recovery of winter-run salmon would

¯ be restoration of a self-sustainlng, naturally spawning
population. Two efforts being conducted to help achieve this
goal are a captive broodstock program and an artificial
propagation program. The purpose of the broodstock program
is to maintain the genetic composition of the existing
population, and that of the artificial propagation program is
to stabilize and increase the naturally spawning population.

Discussions among State and federal agencies and
stakeholder groups in 1991 and 1992 led to creation of a
program to evaluate the feasibility of rearing Sacramento River
winter-run fry in captivity, so that a broodstock would be
available if wild winter-run fish were to disappear. (TheCVPIA directed USFWS to rehabilitate and expand
population’s small size makes it vulnerable to catastrophic lossColeman National F~sh Hatchery. The hatrhcry was
of a year class, such as a loss that could be caused by a chemicalconstructed in 1942 to mitigate loss of Sacramento Rivar
spill in the vicinity of winter-run spawning areas. The captivesalmon spawning areas due to construction of Shasta and
broodstock would provide an alternative source of geneticKeswlck Dams.
material as insurance against such a loss.) Agencies
participating in funding the program include USBR, USFWS,rather than going to the upper Sacramento River as desired.
NOAA, the Department, and DFG. Rearing facilities were(There were also difficulties associated with distinguishing
established at the University of California’s Bodega Marinebetween winter-run and spring-run chinook, in selecting the
Laboratory and the CaliforniaAcademy of Sciences’ Steinhartfish to be propagated. Better genetic identification techniques
Aquarium. Juvenile fish, beginning with the 1991 year class,have been developed to address this problem.)
were delivered to the facilities in 1992. The parent broodstock The most recent development in the artificial propagation
were wild winter-run captured in the Sacramento River.program was construction of an interim rearing facility, the
Presendy, fish from four year classes are being held at theLMngston Stone National Fish Hatchery, on the mainstem
facilities. Sacramento River immediately downstream from Shasta

The artificial propagation program entails trapping knownDam. This facility will allow the artifidally spawned winter-
wild adult winter-run fish, spawning them in a controlledrun salmon to imprint on mainstem Sacramento River water,
environment, and rearing the offspring for release back toso that they will return to natural spawning grounds on the
the river system. As adults, the artificially propagated fishmainstem as adults. Water supply for the hatchery is provided
would return to winter-run spawning areas and comminglevia piping from the dam’s penstocks. The hatchery is
with wild winter-run. Artificial propagation actMties were beginning operations in 1998.
originally begun at USFWS’s Coleman National Fish Additional efforts to help recover winter-run chinook
Hatchery on Battle Creek, but fish reared at Colemansalmon, such as screening diversions and habitat improvement
imprinted on Battle Creek water and returned there to spawn,projects, are described in Chapter 8.

120: Winter-Run Salmon Escapement
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Three major components of Delta inflow includefresh water inflow that contributes dissolved nutrients
precipitation, inflow from the Sacramento and Sanneeded to support estuarine food chains. Adjacent to
Joaquin Rivers, and inflow from east side streams (in-Suisun Bay is Suisun Marsh, which includes about
cluding the Calaveras, Mokelumne and Cosumnes58,600 acres of diked managed wetlands, tidal marsh,
Rivers). Figure 4-11 shows annual inflow and outflowand adjacent grasslands, 29,500 acres of waterways,
values for 1980-96. For this period, the average an-and a buffer zone of 27,900 acres of varying land use.
nual inflow to the Delta was 25.7 mar, more than 75Suisun Marsh is one of the largest contiguous brack-
percent of which was contributed by the Sacramentoish water marshes in the United States. Nearly half of
and San Joaquin Rivers. the waterfowl and shorebirds migrating on the Pacific

Delta outflow is the calculated amount of waterflyway pass through the Bay-Delta each year, using the
flowing past Chipps Island at the western edge of theSuisun marsh and other Delta wetlands as feeding and
Delta into Suisun Bay. The magnitude of Delta out-resting stations.
flow controls salt water intrusion from the ocean into Fresh water outflow from the Delta passes through
the estuary. The magnitude of Delta outflow also in-Suisun Bay and through the Carquinez Straits, enter-
fluences the distribution of many estuarine fishes anding San Pablo Ba)~ and eventually reaching the Golden
invertebrates. Generally, the greater the outflow, theGate. By comparison, there is limited fresh water out-
farther downstream estuarine fish and invertebratesflow and tidal circulation at the southern end of San
occur. The relationship between Delta outflow andFrancisco Bay. Fresh water outflow to the South Bay
abundance of fish and invertebrates is much less clear,comes from local tributaries such as Coyote Creek and
Some species, such as longfin smelt and juvenilethe Guadalupe River. San Pablo Bay and the South
splittail, show strong correlations between abundanceBay both offer shallow water habitat. National wild-~

and Delta outflow. The effects of outflow on specieslife refuges--the San Pablo Bay NWR and the San
can vary depending on the time of year volume ofFrancisco Bay NWR~occupy parts of the shoreline
outflow, in these areas. See Figure 4-12 for a location map of

Suisun Bay, the first bay below the Delta, receivesthe Bay-Delta.

FIGURE 4-11
Annual Delta Inflow and Outflow 1980-96a
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FIGURE 4-12
Bay-Delta Estuary
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The Delta is charaeterlzed
by miles of meanderlng
waterways and leveed
islands used malnly for
agdculturalpurposes.

Delta Fish 8pedes of Spedal Concern. About tions in the Delta with the presence of i~sh species of
two-thirds of California’s salmon migrate through theconcern have been reflected in actions by the CAL-
Delta, indudingspecies having commercial importanceFED Operations Group to reduce Delta exports at
(fall-run chinook salmon), as well as listed or candi-times when monitoring indicated that signii~cant num-
date species (winter-run chinook, spring-run chinook,bers of certain fish species were present in the southern
and steelhead trout). Resident iqsh species of specialDelta. Day-to-day management of CVP and SWP
concern include Delta smelt (listed as threatened un-Delta operations under near real-time conditions re-
der both the State and federal ESAs) and splittailquires extensive data collection and monitoring
(proposed for federal ESA listing). Habitat needs ofsupport. The Interagency Ecological Program, a co-
anadromous and resident Delta species of special con-operative effort of nine State and federal agencies
cern were reflected in actions taken in the Bay-Delta(DWR, DFG, SWRCB, USBR, USFWS, EPA,
Accord and in SWRCB’s Order WR 95-6. The accord’s NMFS, USACE, and USGS), acquires and dissemi-
provisions for coordination of CVP and SWP opera-nares near real-time i~sh distribution and abundance

Delta melt, native to
the Bay-Deltao have a
one year llj~ span and

relatively low
re#roductlve rate,

making their populatt’on
abundance sensitive to

short-reran habitat
changes.
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data used by the CALFED Operations Group.
Populations of native species of special concern

are affected by a variety of factors, many of which are
not related to Delta outflow. One nonflow factor now
receiving more attention is competition from intro-
duced aquatic species (see Chapter 2 for a description
of the National Invasive Species Act Of 1996). Intro-
duction of non-native species into an ecosystem can
alter the pre-existing balance achieved among the na-
tive species. Native species’ populations can be reduced,
for example, when introducedspecies out-compete the
native species for food or otherwise alter the food chain,Much of the land in the Su~sun Marsh ~s owned and managed

by private gun clubs for duck hunting. DFG manages a
or when introduced species prey uPon native species,wildlife area on Grizzly Island.

In the Bay-Delta, new introductions are occur-
ring in a system that already has numerous introduced Quantifying Delta Ou~ow Requirements.
species. Researchers estimate that the Bay-Delta is nowSWRCB Order WR 95-6 established numerical ob-
home to at least 150 introduced plant and animal spe-jectives for salinit~ river flows, export limits, and Delt.a
cies, some of which were introduced deliberatelyoutflow. DWRSIM operations studies were used to
(planting of game fish species such as striped bass) andtranslate these numerical objectives into Delta outflow
others whose arrival was accidental (discharge of in-requirements for average and drought year scenarios.
vertebrates in ship ballast water). The Asian clam, forThe studies computed outflow requirements of ap-
example, was first detected in the Bay in 1986 and hasproximately 5.6 maf in average years and 4.0 mar in
now become the most abundant mollusk in the north-drought years.
ern part of the Bay. This clam is a voracious feeder on
the phytoplankton which supports other aquatic spe-Wetlands
cies. The zebra mussel which has caused millions of
dollars of damage in the Great Lakes states--has not The wetlands component of environmental water
yet been detected in the Delta, but experts believe thatuse is based on water use at freshwater managed wet-
it may be only a matter of time before the mussel at-lands, such as federal national wildlife refuges and State
rives. Invasive plant species in the Delta include Egeriawildlife management areas. The following text reviews
densa and Arundo Donax (giant reed). Hydrilla, an- the status of wetland acreage in California and wet-
other well-known invasive aquatic plant, isnowfoundland management programs, then discusses
in Clear Lake in Northern California, and controlquantification of water demands and supplies for wet-
measures are being taken to eradicate it there, to pre-~ IandS.
vent its spread to Delta waterways. In general, wetlands can be divided into saltwater

¯ and brackish water marshes .(usually lodated in coastal
areas) and freshwater wetlands (generally located in
inland areas). Five areas of California contain the larg-
est remaining wetlands acreage in the State--the
Central Valley, Humboldt Ba)~ San Francisco Bay,
Suisun Marsh, and Klamath Basin. The majority of
the State’s wetland protection and restoration efforts
are occurring in these areas. Nontidal wetlands usu-
ally depend on a supplemental water suppl~ and
protecting or restoring them may create demands for
freshwater supplies.

Wetlands Policies and Programs. Many programs

The Asian clam was first detected in the San Francisco Bay inand policies have been adopted by federal, State and
1986. By the early 1990s, it was the most abundant molluskregional agencies and private entities to protect and
in the northern part of the Bay. restore wetlands in California. Several of the more re-
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California is a wintertime destination for migratory waterfowl on the Paclfic flyway. Managed wetlands provlde foedin~
restin~ and overwintering sltes for the waterfowl.

cent wetland programs and policies are discussed be-Category III program in 1995 and 1996.
low. CVPIA required DOI to provide water supplies

Ecosystem restoration is a large part of the CAL-to the wetlands areas shown in Table 4-22. The
FED program. CALFED’s draft ERP plan proposesSacramento Valley refuges were to be provided with
habitat restoration goals that include creating 64,000water suppties specified in a 1989 refuge water supply
acres of seasonal and perennial wetlands and 2,000 acresinvestigation prepared by USBR, and the San Joaquin

of riparian habitat, returning 37,000 to 57,000 acresValley wetlands areas with supplies specified in USBR’s

to tidal action and enhancing 8,000 acres of existingSan Joaquin Basin Action Plan/Kesterson Mitigation
seasonal wetlands. About 1,700 acres of wetland res-Action Plan. This water supply was to be provided in
toration projects were funded under the accord’stwo increments--the first corresponding to the exist-

California Wetlands Conservation Policy
In 1993, a California wetlands conservation policy was programs and cooperative planning efforts the primary

established. The goals of the policy were to establish a focus ofwedands conservation and restoration.
framework and a strategy that would: The policy recommended completion of a statewide
¯ Ensure no overall net loss and achieve a long-term net gaininventory ofwedands which would lead to the establishment

in the quantity, qualit)~ and permanence ofwedands acreageof a formal wetland acreage goal. This inventory is in progress.
and values in California in a manner that fosters creativity,The Resources Agency expects these policies to result in
stewardship, and respect for private property, improved status for 30 to 50 percent of the State’s wetlands

¯ Reduce procedural complexity in the administration ofby the year 2010. Based on an estimate of 450,000 acres of
State and federal wetlands conservation programs, existing wetlands in the State, as much as 225,000 acres of

¯ Encourage partnerships to make landowner incentivewetland could be improved, restored or protected.
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TABLE 4-22

CVPIA Refuge Water Suppliesa (taf)

R~fuge Level 2 Supply at L~vel 4 Supply at
Refuge Boundary Refuge Boundary

Sacramento Valley Refuges
Sacramento National Wildlife Refuge 46.4 50.0
Delevan National Wildlife Refuge 20.9 30.0
Colusa National Wildlife Refuge 25.0 25.0
Sutter National Wildlife Refuge 23.5 30.0
Gray Lodge Wildlife Management Area 35.4 44.0

Total for Sacramento Valley Refuges 151.2 179.0

San Joaquin Valley Refuges
San Luis National Wildlife Refuge 19.0 19.0
Kesterson National Wildlife Refugeb 10.0 10.0
Volta Wildlife Management Area 13.0 16.0
Los Banos Wildlife Management Area 16.6 25.5
San Joaquin Basin Action Lands

Freitas 5.3 5.3
West Gallo 10.8 10.8
Salt Slough 6.7 10.0
China Island 7.0 10.5

Grasslands Resource Conservation District 125.0 180.0
Mendota Wildlife Management Area 27.6 29.7
Merced National Wildlife Refuge 15.0 16.0

East Gallo 8.9 13.3
Kern National Wildlife Refuge 9.9 25.0
Pixley National Wildlife Refuge 1.3 6.0

Total for San Joaquin Valley Refuges 276.1 377.1

Total for all Refuges 427.3 556.1
a Table is excerpted from 1997 draft: CVHA PEIS.
b Kesterson NWR was merged with San Luis NWR subsequent to CVPIA enactment.

ing average annual deliveries that the wetlands had beenjectives of a Central Valley Habitat Joint Venture re-
receiving from drain water and other sources, and theport. USFWS’s report is currently in preparation.
second corresponding to the ultimate or optimum Additionally, the act required that financial
management levels of the wetlands. The first incre-incentives be made available to farmers within the CVP
ment of water supply (Level 2) was to be provided byservice area for flooding agricultural lands to provide
reallocation of CVP supplies. The second incrementwaterfowl habitat. The incentives include cost-sharing
(Level 4) was to be acquired through purchases fromfor water purchases, pumping costs, facility construc-
willing sellers. DOI was to acquire all of the secondtion (e.g., water control structures), and upgrades or
increment of supply by 2002. USBR has operated themaintenance to existing facilities. CVPIA caps the
CVP to provide the Level 2 supplies, and has beenfunding for this program at $2 million per year and
making year-to-year short-term water purchases for thethe program terminates in 2002.
increments of Level 4 supply. USBR and USFWS have In 1986, the North American Waterfowl Manage-
been studying conveyance alternatives (and ground-ment Han was signed by the United States and Canada.
water extraction, in addition to surface water supplyThe plan was updated in 1996 and Mexico became a
alternatives) associated with making these increasedsignatory. NAWMP provides a framework for water-
supplies available to the refuges, fowl management in North America through 2010; it

CVPIA also required DOI to prepare a report by includes numerical goals for waterfowl populations and
September 1997 to investigate methods of improvingfor habitat protection, restoration, and enhancement.
water supplies in the Central Valley for existing pri-Implementing NAWMP is the responsibility of joint
vate wetlands and for 120,000 acres of new wetlands,ventures in which governmental agencies and private
The 120,000 acres came from wetland restoration ob-organizations pool resources to address habitat needs.
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There are four NAWMP joint ventures covering parts̄ Enhance 5,500 acres of coastal and interior wetlands
of California. A fifth joint venture is being considered and riparian habitats on public and private lands.
in Southern California. The four existing joint yen- Approximately half of the acreage in the southern
tures are described below, focus area is inland (nontidal) habitat requiring fresh

The Central Valley Habitat Joint Venture, estab-water.
lished in 1988, was the first California joint venture. The Intermountain West Joint Venture encom-
CVHJV adopted six goals for the Central Valley: passes parts of Canada and Mexico and all or part of
¯ Protect 80,000 acres of wetlands through feeeleven western states, including eastern California. The

acquisition or conservation easement. California action group has completed a working agree-.
¯ Restore (and protect) 120,000 acres of formerment and drafted plans for six focus areas. Acreage goals

wetlands, for acquisition, restoration, and enhancement have not
¯ Enhance 291,555 acres of existing wetlands, been established.
¯ Enhance water-based habitat on 443,000 acres The San Francisco Bay Joint Venture was estab-

of private agricultural land. fished in 1995. Its management board is drafting an
¯ Secure 402,450 afofwarer for 15 refuges in theimplementation strategy. Formal acreage goals and

Central Valley~ timelines for acquisition and restoration projects will
¯ Secure CVP preference power for public and privatebe established. It is expected that many of the areas

lands dedicated to wetland management (i.e., provideprotected or restored by the SFBJV will be tidal areas
access to low-cost power generated at CVP facilities),with little or no fresh water requirement.
In 1990, the Legislature authorized the Inland Refuge Water Supply Conservation Programs.

Wetlands Conservation Program administered by theIn the spring of 1997, a refuge water supply interagency
Wildlife Conservation Board. This program carries outcoordinated program task force was formed as an out-
some CVHJV objectives by administering a $2 rail-growth of discussions in CALFED and CVPIA
lion per year program to acquire wetland habitat, programs regarding the need to have best management

The Pacific Coast Joint Venture encompassespractices for water conservation on wildlife refuges.
coastal wetlands, major rivers, and adjacent uplandsThe goal of the task force is to develop a common
from northern British Columbia to the northern edgemethodology for water management planning, includ-
of San Francisco Bay In California, there are two fo- ing water conservation actions, for the federal, State,
cus areas with strategic plans outlining specific targetand private refuges covered in CVPIA’s refuge water
areas and acreage objectives. Almost all the wetlandssupply provisions. A draft document containing BMPs
are coastal projects with little or no freshwater require-or efficient water use guidelines for the refuges is sched-
ments. Objectives for the northern focus area (Deluled to be released for public review in 1998.
Notre and Humboldt counties) are: Wetlands Water Use. Bulletin 160-98 quantifies
¯ Maintain 22,000 acres of seasonal wet pasture in ag-applied water needs only for managed wetlands, be-

ricultural usage compatible with water-associatedcause other wetlands types such as vernal pools or
wildlife, coastal wetlands use naturally-occurring water supply

¯ Permanently protect an additional 10,500 acres of(precipitation or tidal action). Managed wetlands are
key wetlands through easements or fee acquisitions,defined for the Bulletin as impounded freshwater and

¯ Protect, restore, andenhance 10,100 acres ofwetlandsnontidal brackish water wetlands. Managed wetlands
on existing public lands, may be State and federal wildlife areas or refuges, pri-

¯ Assist landowners to protect, enhance, and restorerate wetland preserves owned by nonprofit
5,000 acres through cooperative projects, organizations, private duck clubs, or privately owned
Objectives of the southern focus area (Mendocino,agricultural lands flooded for cultural practices such

Sonoma, and Marin Counties excepting watershedsas rice straw decomposition. Figure 4-13 shows
draining to San Francisco Bay) are: California’s publicly owned wetlands. Some of the larg-
¯ Permanently secure through fee acquisition or ease-est concentrations of privately owned wetlands are the

ments an additional 20,000 acres of coastal and hate-duck clubs in the Suisun Marsh and the flooded rice
riorwetlands, riparian habitats, and assodated uplands,fields in the Sacramento Valley. (Acreage of rice fields

¯ Restore 3,500 acres of reclaimed coastal and interiorflooded to enhance decomposition of stubble remain-
wetlands on private and public lands, ing after harvest and to provide habitat for
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FIGURE 4-13
Publicly-Owned Fresh Water Wetlands
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overwintering waterfowl was identiiqed by DepartmentSummary of Environmental Water Use
land use surveys.)

Table 4-25 shows base 1995 and forecasted 2020State and federal wetlands in the Central Valley
are normally managed to support several types of wild-environmental water use by hydrologic region. The

life use areas--permanent marsh, seasonal marsh,large values in the North Coast Region illustrate the

irrigated waterfowl food crops (such as millet, rice, ormagnitude of demands for wild and scenic rivers in

smartweed), and non-irrigated uplands. Each has dif-comparison to other environmental water demands.

ferent applied water requirements, as indicated in
Table 4-23, which shows typical ranges for CentralWater Use Summary by Hydrologic
Valley wetlands. Table 4-24 shows wetlands water de-Region
mands by region.

TABLE 4-23 Tables 4-26 and 4-27 summarize California ap-

Ranges of Applied Water on Central Valley plied water use by hydrologic region. The tables
combine the urban, agricultural, and environmentalManaged Wetlands (af/acre/year)
water use described in this chapter. These demands,

Type of Use Applied Water together with the water supply information presented
in Chapter 3, are used to prepare the statewide waterPermanent marsh 5-10

Seasonal marsh 2-10 balance shown at the beginning of Chapter 6 and the
Irrigated waterfowl food crops 1-4 regional water balances shown in Chapters 7-9.

TABLE 4-24

Wetlands Water Use by Hydrologic Region (tar)

1995 2020

Region              Average Drought Average Drought

North Coast 325 325 325 325
San Francisco Bay 160 160 160 160
Central Coast 0 0 0 0
South Coast 27 27 31 31
Sacramento River 632 632 632 632
San Joaquin River 230 230 240 240
Tulare Lake 50 50 53 53
North Lahontan 18 18 18 18
South Lahontan 0 0 0 0
Colorado River 39 38 44 43
Total (rounded) 1,480 1,480 1,500 1,500

TABLE 4-25
Applied Environmental Water Use by Hydrologic Region (tar)

1995 2020

Region                   Average Drought Average Drought

North Coast 19,544 9,518 19,545 9,518
San Francisco Bay 5,762 4,294 5,762 4,294
Central Coast 118, 37 118 37
South Coast 100 82 104 86
Sacramento River 5,833 4,223 5,839 4,225
San Joaquin River 3,396 1,904 3,411 1,919
Tulare Lake 1,672 809 1,676 813
North Lahontan 374 256 374 256
South Lahontan 107 81 107 81
Colorado River 39 38 44 ~3
Total (rounded) 36,940 21,240 36,980 21,270
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[] TABLE 4-26
~ California Average Year Water Use by Hydrologic Region (tad

’m
1995 2020

Region             Urban Agricultural Environmental TotM Urban Agricultural Environmental Total
(rounded) (rounded)

North Coast 169 894 19,544 20,610 201 927 19,545 20,670
San Francisco Bay 1,255 98 5,762 7,110 1,317 98 5,762 7,180
Central Coast 286 1,192 118 1,600 379 1,127 118 1,620
South Coast 4,340 784 100 5,220 5,519 462 104 6,080
Sacramento River 766 8,065 5,833 14,660 1,139 7,939 5,839 14,920
San Joaquin River 574 7,027 3,396 11,000 954 6,450 3,411 10,820
Tulare Lake 690 10,736 1,672 13,100 1,099 10,123 1,676 12,900
North Lahontan 39 530 374 940 50 536 374 960
South Lahontan 238 332 107 680 619 257 107 980
Colorado River 418 4,118 39 4,570 740 3,583 44 4,370
Total (rounded) 8,770 33,780 36,940 79,490 12,020 31,500 36,980 80,500

TABLE 4-27

California Drought Year Water Use by Hydrologic Region (taf)

1995                                          2020

Region Urban Agricultural Environmental Total Urban Agr&ultural Environmental Total
(rounded) (rounded)

North Coast 177 973 9,518 10,670 212 1,011 9,518 10,740
San Francisco Bay 1,358 108 4,294 5,760 1,428 108 4,294 5,830
Central Coast 294 1,279 37 1,610 391 1,223 37 1,650
South Coast 4,382 820 82 5,280 5,612 484 86 6,180
Sacramento River 830 9,054 4,223 14,110 1,236 8,822 4,225 14,280
San Joaquin River 583 7,244 1,904 9,730 970 6,719 1,919 9,610
Tulare Lake 690 10,026 809 11,530 1,099 9,532 813 11,440
North Lahontan 40 584 256 880 51 594 256 900
South Lahontan 238 332 81 650 619 257 81 960
Colorado River 418 4,118 38 4,570 740 3,583 43 4,370
Total (rounded) 9,010 34,540 21,240 64,790 12,360 32,330 21,270 65,960



Urban and Agricultural Water Pricing

This append~ is provided ~ ba~ro~d ~o re-~t~ N~iN
spond to interest expressed by Bulletin 160-98 M~y ~ctors influence ~e prices &~ged bywa-
renewers in water pricing informa~on. Water pricester agencies. For public water ~encies, ~e ~es of
~ C~ornia v~MdelN ~ Nsc~sed below. The more-ch~g~ ~ey ma~ le~ depend upon ~e legislation
~ 2,800 Io~ ~enci~ in C~ifornia ~t provide~derw~ch ~eywere crated. Table ~-1 sho~~es

cific to ~eir in~vidu~ se~ice ~e~, ~d ~ose prices~e genera.powers of~e public ~encies shown ~ ~e
water se~ice es~blish ~eir pric~ b~ed on factors spe-of C~ornia wa~er supply ~enci~. Descriptions of

~e gener~y renewed by ~en~i~’ ele~ed or appo~tedtable ~ be fo~d ~ D~’s B~e~ 155-94, Gen-
bo~of~rectors, orby~eC~i~orniaPublicUt~eral Comparison of Water District Acts.
Commission. Public agencies ~e not permitted toInvestor-owned u~fi~’ water rates ~e set by ~e C~-
m~e a profit ~om ~eir water sNes, ~d ~e profitsfornia Pubic U6~6es Com~ssioa. Privatdy owned
¯ ai privately o~ed water put.ors ~e ~owed tomumN water complies set rates for ~e~ members.
m~e ~e established by ~e PUC.

Types of L~I Supply Water Agenci. in Californiaa

Co~ Semlce ~ea , Public 880
Mu~ Water Comply Private 801
Co~ Se~c~ Dis~i~ Pubic 309
Inv~tor-O~ed Water U~ Private 195
Co~v Water Dis~i~ Pubic 178
Water Dis~ict Pubic. 157

Pubic U~ Dis~i~ Pubic 52
Flood Con~ol,~d Water Conse~adon Dis~ct Pubic 41
Co~V Water Wo~ D~i~ Pubic 40
M~NpN Water Dis~i~ Public

Water Co~e~a6on Dis~i= Pubac 13
Water Stor~e Dis=ict Pubic 8
M~icip~ U~V DisM~ Pubic 5
Water Replenis~ent Di~ Pubgc 2
Me~opo~ Water Dis~i~ Pubgc 1
To~ 2,850
~ W~ supply ~y~o he prided by !o~ ~d~ ~g.o~ p~o~ (e.g., r~adon ~).
So~ Dep~t ofH~ S~ md S~te Con=o~’s O~ce ~ 199~96.
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Acqui~’tlon and Delivery Costs Rate Structure

Acquisition costs are costs associated with obtain- Water rates are the primary source of income for
ing water from a source. These costs may vary greatlymost water agencies. Although rates can be structured
from one source to another. Some water agencies havemany ways, they typically include fixed charges,
developed their own supply sources, some purchaseconsumption-based charges, or both.
water wholesale from larger agencies, and some have a Fixed charges recover some or all of costs incurred
mix of their own supplies plus wholesale purchases,regardless of the amount of water used, such as debt
Other costs include transportation and local deliveryservice incurred from project construction. Fixed
charges and water treatment costs. Supplies deliveredcharges are typically used by water agencies that do
for urban use require treatment, which is becomingnot meter consumption. Examples of fixed charges for
an increasingly greater component of total cost as moremetered urban water agencies include billing and ad-
stringent drinking water quality regulations are put intoministrative charges (service charges), lifeline charges
place. Compliance with surface water iVdtration andfor a minimum level of service, readiness to serve
information collection requirements oftheSafe Drink-charges, and fire protection charges. Agricultural fixed
ing Water Act, for example, is a substantial cost itemcharges (often called water availability or standby
for many water agencies, charges) can be levied on a per acre or connection ba-

Some water agencies use water rates to fially re-sis. Fixed charges which are levied on a per acre or
cover the costs of acquiring, treating, and deliveringparcel basis will likely be affected by Proposition 218,
supplies, others use a combination of water rates anddiscussed in more detail in Chapters 2 and 6.
local property taxes. Another important consideration Consumption-based charges are set on a per unit
is whether a water agency sets its rates to reflect short-volume basis so the total charge varies with the user’s
term or long-term costs. This is significant if a waterconsumption. These charges typically recover variable
agency’s system is currently operating at capacity andcosts of water deliveries (water purchases, treatment,
major system improvements are needed. In this case,and pumping). As with fixed rates, there are several
the water agency may have to increase rates to reflectforms of consumption-based rates. One form is the
the higher marginal costs of future system expansion,constant charge, which is the same unit price for all

During droughts, the rates water agencies chargeunits ofwater consumed. Another is block rates, which
may vary depending on supply availability. Agenciesdecrease (declining block) or increase (increasing block)
mayhave to acquire water from outside sources to meetwith water consumption. A declining block rate sets a
service area needs or may have to construct interties orreduced price per unit for increased usage. Increasing
other conveyance system improvements to bring put-block rates set increasing prices per unit for increased
chased supplies to their system. Many water agenciesusage. Constant and increasing block rates are the pre-
adopted higher rates to fired programs to encouragedominant urban rate structures currently used in
water conservation during the 1987-92 drought, andCalifornia. Some forms of declining rates are still used
several implemented drought penalty rates, intendedin urban areas, especially in communities using lower
to reduce water use drasticall~ water rates as an incentive for industry to locate in

their area. Some agencies use declining block rates and
Charaxteristi~s of ServleeArea other incentives to encourage use of recycled water in

A water agency’s costs will be affected by the mix 0f lieu of potable supplies. Agricultural Water agencies
residential, commercial, industrial, governmental, andlevy consumption-based charges basedupon either the
agricultural users within the service area because the costactual amount of water delivered or on the number of
of serviceto different classes of users is likely t6 be differ-irrigated acres (charges may vary depending upon the
ent. Ifa water agency serves a heavily populated area withcrop type).
many counections per square mile, the average fixed costs Fixed charges and consumption-based charges
per customer will tend to be less. Conversely; if the pur-typically account for most of a water agency’s total rev-
veyor serves a sparsely populated area, average fixed costsenues. Revenues can also be.obtained from assessments,
of serving each customer will normally be high. Becauseor taxes, levied upon lands in accord with benefits re,
of pumping costs, changes in elevation within a serviceceived from an agency’s actions. Assessments recover a
area can also affect delivery costs. ¯ pordon ofan agency’s fixed costs, and can be levied
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either on lands which directly benefit from water de- water users are sensitive to price changes, and de-
liveries (for example, land receiving irrigation water), mand is defined to be elastic (its absolute elasticity
or on lands which indirectly benefit from water deliv- value is equal to or greater than one). For example,
cries (adjoining lands which may benefit from ira 10 percent increase in price caused a 10 per-
groundwater recharge resulting from the deliveries), cent reduction in demand, economists would

Cities may charge for sewers and sewage treatment define demand as elastic.
based on water use. In some cities, the sewer chargeso They may use a little less water. In this case, water
are included in monthly service charges and commod- users are not very sensitive to price changes, and
ity rates paid by the water users. Other cities charge mand is said to be inelastic (absolute elasticity value
for sewers based on water use, but keep the sewer is less than one). For example, ira 10 percent price
charges separate from the water charges, increase caused a 5 percent reduction in demand,

demand would be defined as inelastic.
Urban Retail Water Costs ¯ They may continue to use the same amount as

Since 1990 there have been a few statewide sur- before. In this case, the water users are completely
veys of urban retail water costs in California. One, insensitive to price changes, and demand is said
conducted by the Department in 1991, included about to be perfeCdy inelastic (elasticity value is equal to
70 communities. The results of this survey are described zero).
in the Department’s Bulletin 166-4, Urban Water Use A 1989 EBMUD study, for example, estimated
in Calijbrnia. DHS conducted another survey in 1990, price elasticity of demand for its residential water sup-
and three others were conducted by a. private consult-ply to be -0.202 from 1981 through 1987. This means
ing firm in 1993, 1995, and 1997. (The 1993-1997that a water price increase of 10 percent could be ex-
surveys were based on an assumed.monthly consump-pected to lower the amount of water use by about 2
¯ tion of 1,500 cubic feet of water per connection, anpercent. The demand for water in this case was inelas-
amount much lower than that used by many house-tic--residential water users were found to be relatively
holds. This assumption limits the usefulness of theinsensitive to price changes. This has been the case for
survey data.) At a statewide level of coverage, there aremost studies of residential water demand.
no recent retail pricing data based on actual water use Factors that can affect elasticity include climate,
amounts, housing type, water users’ income, percentage share of

In 1994, the accounting firm of Ernst & Young water bills in users’ budgets, water rate structure, wa-
conducted a national water rates survey whichter conservation measures and education, and users’
MWDSC summarized in its 1995 Integrated Resourcespreferences regarding water use (some users may pre- ’
Plan. That survey showed that the national average forfer to irrigate large turf areas regardless of cost). Table
retail urban water supply was almost $600/af.4_A_-2 provides a survey of recent literature on urban
MWDSC’s average was about $625/af; San Francisco’swater price elasticities of demand. These studies were
was about $560/afi and Oakland’s was almost $700/performed with statistical modeling which employed
a£. (Other urban areas had higher costs. Indianapolishistorical w~ater use, water price, and demographic and
was about $725/ai~ Houston was almost $900/af, andclimatic data.
Nashville was more than $1,100/af..) Elasticity estimates derived for one geographic area

Impacts of Retail Prices on Water Use
are not necessarily representative of another area be-
cause of these many potential variables. It is generally

Price elasticity studies are used to characterize pricenot correct to take a value of residential price elasticity
responsiveness--the degree that water users increaseestimated for one community during one period of
or decrease use ~ response to a change in waterprice,time and to ~sume that it is applicable to another corn-
Economists define price elasticity of demand as themunity, or for another period of time. Only by carefully
ratio Of the percentage change in quantity of waterexamining the factors described above can elasticities
used to the percentage change in the price ofwater, developed under one set of¯circumstances be reason-

When facedwithasigniflcantwaterpriceincrease,ably used for estimating elasticities under other
urban water users may react in one of three ways: circumstances.
° They may use substantially less water; In this case,. For Bulletin 160-98, the Department contracted
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TABLE 4A-2
Urban Water Demand Price Elasticity Studies

Author(s) Study Study Type of Est~’mated Range of Equivalent Prlees
Date Area Demand EIast~’ty Study Water ($/a~9

Prices

Metznera 1989 San Francisco Long-term -0.25 $0.73 - $0.78 $318 - $340
~esidential /100 cu ~t

(1995 dollars).

Ni&~riadomy~ 1989 Denton, Texas Long-term -0.55 to -0.86 $0.27 - $0.56 $88 - $183
& Molina residential /1,000 gal

(1967 dollars)

MWDSC 1990 Sou~ Coast Long-term Not Available      Not Available
Region .ingle-family

resicl¢ntial

.... Winter -0.03 to -0.15

Renwicl~eti[. 1996 8 CaLi~orniacities Long-term -0.16¯ $0.47-$4.25 $205-$1,851
single-family II00 cu fi
residential

a Water rate dam was tmavailable from the study author. The Department retrieved the Mstorical dam and inflated the prices to 1995 levels foi display

purpos** only.
b Study was for summer months only and vca~ a ~ve-year period of recently adopted increasing blo& rate*. Adjmted R~ for model~ which produced -0.86 and

-0.55 el~dddes was only 0.26 and 0.I I, rc*pectivdy.’

with University of California researchers for an eva!u- veyors to reduce residential water use. during the
afion of the effects of water pri.cing and non-pricing drought. Eight water retailers whose service areas top-
demandreduction actions (e.g., public education, re- resent 24 percent of California’s population, were
tioning, subsidies for adoption ofmore efficient waterincluded~San Francisco PUC, Matin MWD, Con-
use technologies) on urban residential water use. The tra Costa WD, East Bay MUD, City of San
smdycovered single-family residentia/use during 1989 Bernardino, C@ of Santa Barbara, Los Angeles DWP,
to 1996, a time petiod incorporating the recent droughtand City of San .Diego. All of these agencies experi-
and allowing evaluation of actions taken by water put- enced price increases over the study period¯and all used
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DWR.Survey of 1996 Agricultural Surface. Water Costsa

Region 1996 1996 Costs ($/~ Water Rates Bas~ (number of agent.s)

Total Weighted Max. Min. By Awe By Crop By ~ Used By Awe Total
Deliveries Average &Awe &

(~ Used

North Coast 80 10 12 2 2 0 1 0 3

Central Coast 37 128 533 87 0 0 2 2 4
" South Coast 92 373 604 131 0 0 1 7 8

Sacramento River1,275 12 32 2 1 4 1 2 8
SanJoaquin River1,339 22 238 6 2 0 1 4 7
Tul~re Lake 2,672 42 161 9 1 0 4 6 11
North Lahontanb

South Lahontan 18 61 61 61 0        0         1         0         1
Colorado River 3,403 13 14 8 2 0 0 2 4
Smt~wid¢ 8,916 -- ~ ~ 8
a Averag~ retail costs to the farmer
h No responses

non-pricing demand reduction actions during the~griculblral ~at~r
study period. Price elasticity was estimated to be -0.16 In December 1996, the Department mailed wa-
(meaning that a 10 percent price increase would resultter cost surveys to more than 60 agricultural water
in a 1.6 percent demand reduction) over a range ofagencies in California. This survey was conducted to
marginal prices of $0.47 to $&25 per hundred cubicdetermine the range of average agricultural retail sur-
feet, showing that residential demand was price inelasticface water costs in the State and to obtain information
over this range, on types ofwarer charges being used. Table 4A-3 sum-

The urban water demand forecast used for Bulle-marizes the results of this survey by hydrologic region.
tin 160-98 assumed single-family residential priceMany responding agencies based their charges on both
elasticities of-0.1 for winter months and -0.2 for sum-water use and number of acres irrigated. The informa-
met months. Studies of urban water pricing to datetion is presented here to illustrate the variability of
indicate’ that the role of pricing by itself in achievingprices based on local circumstances.
demand reduction is small. The plot of urban water Agricultural groundwater costs vary considerably
production over time shown in Figure 4-4 illustratedthroughout California. Factors influencing these costs
the strong response of water use to the 1987-92include depth to groundwater, water quality; and well
drought. Actions taken by water agencies during theyields. Many groundwater users are self-supplied,
drought to encourage demand reduction~includingmeaning that individual water users pump their own
public education programs, voluntary rationing, re-supplies rather than receiving them from a water
batesfor plumbing retrofits--decreased residentialagency. Bulletin 160-93 showed ger~eral ranges of ag-
water use. However, water use throughout the State isricultural groundwater production costs. The
rebounding to earlier levels, even after significantpriceDepartment does not have sufficient new data to ac-
increases by some agencies. For example, Contra Costacurately update those general cost ranges for Bulletin
WD increased its average water rates substantially to160-98.
finance construction of Los Vaqueros Reservoir. Be-
tweet/1980 and 1997, CCWD’s average water pricelmpawts ofPrice onAg~4eultural Water Use

increased by about 217 percent (adjusted for inflation). Price elasticity of demand for~ agricultural water is
Its use per residential unit declined by 9 percent, mucha measure of farmers’ responsiveness to changes in the
ofwhich is likely due to plumbing retrofit and build-price ofwater. Researchers have used avariety ofmod-
ing code requirements for new plumbing, and public,els (programming and econometrics) to estimate the
education, agricultural water use price elasticity in different parts

4A-5 /~,~ 4~ ¯

C--0941 04
(3-094104



if the countr~ and have concluded that demand for TABLE 4A-4
irrigation water is generally price inelastic, within price Average Water Costa as a Percent of Total
ranges typical for agricultural water use. Obviously, Production Costa for Selected Crops in
there is no other commodity that can be substituted the Tulare Lake Regiona
for the water needed to grow crops. As Table
illustrates, water costs are typically a relatively small Crop" Water Costs as a P~rcent
percentage of the total cost of producing most crops, of Total Costs

The Central Valley Production Model was used to es- Irrigated pasture. 36
timate agricultural price elasticity in the Central Valley. Alfalfa hay 19

Barley . 16CVPM price elasticity estimates for irrigation water Dry bea~as 14demand are based on the level of production ofvari. Wheat 14
ous crops. CVPM also allows for changes in cropping Cotton 12
patterns as water becomes more scarce, more expen- Sugar Beets 12

sive, or both. Safflower 11

Results of CVPM studies are summarized in Table Dry Onions 9
Almonds 6

4A-5. Surface water prices were increased for the study Pistachios 6
by different increments, and groundwater costs
creased as a result of changes in pumping depths. Both Wine grapes 5
short- and long-term elasticities were estimated. In the
short-term study, it was assumed that farmers did not V,~enue Moa~.

have enough time to adjust to increases in water costs,
while in the long-term farmers could switch to moretract, and was to be halfway between the rate for the
efficient irrigation technologies, first tier and the third tier. The third tier applied to

The values in the table are estimates of a farmer’sthe quantity of water beyond 90 percent of the con-
ability to respond to water price changes. For example,tract total, and was to be not less than USBR’s full cost
if surface water prices~ increase by 10 percent in therate. USBR’s municipal and industrial customers are
Sacramento Valley, the demand for surface water willalready charged the full cost rate, which includes cost
decline by 3.2 percent. The model runs indicated thatof service, principal and interest on facility construc-
demand for irrigation water was price inelastic overtion costs, and CVPIA Restoration Fund charges.
the price ranges analyzed. Where groundwater is avail- As noted in Chapter 2, all of USBR’s contract re-
able in the Central Valley; farmers may increase theirnewals to date have been interim renewals, since the
groundwater use if pumping costs are less than the costsPEIS required by the act has not yet been completed.
of their surface water supplies. No long-term renewal contracts can be executed until

USBR completes the PEIS, which is now expected to
CVPIA Tiered Pricing occur in 1999. Through 1996, interim contracts for

Section 3405(d) of CVPIA required that new, re- project water supply represented about 16 percent of
hewed, or amended contracts for project waterproject water under contract.
incorporate an inverted block rate pricing structure In its 1998 public draft PEIS, USBRused CVPM
specified in the act. The first rate tier applied to a quan-to estimate potential impacts of implementing tiered
tity of water up to 80 percent of the contract total,pricing as set forth in the act. USBR estimated.that
The aecond rate tier applied to the quantity of waterimplementing tiered pricing would reduce average year
from 80 percent to 90 percent of the water under con-CVP applied irrigation water in the CVP service area

TABLE 4A-5
Price Elasticities for Surface Water lrrigaf3on Demand

Region Short- Term Elastim’ty Long- Term Elastlelty Range of Watwt Prices ($/aj9

Sacramento River -0.24 -0.32 20 - 240
San ~oaquin River ’0.20 -0.30

¯
20 - 240

T~ulare Lake -0.18 ¯ -0.24 20 - 240 ~

C--0941 05
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by 266 tar from CVPIA’s assumed no-action condi- irrigation works were constructed when water devel-
tion. This amount took into consideration the shiftopment was inexpensive by present standards. Also,
from CVP water use to groundwater use, in those ar-there are basic differences in the delivery systems pro-
eas having access to groundwater supplies. (Theviding agricultural and urban water supplies. The price
estimate assumed that USBR’s ability to pay policy forof water is determined by the cost of water at the source
irrigation remained in effect’for principal on capital(from a reservoir or at the Delta, for example) plus the
and Restoration Fund charges, at an estimated pay-costs of using the facilities associated with conveying,
merit capacity of $11/afnorth of the Delta and $701afstoring, treating, and delivering the water to the final
south of the Delta.) users. Some contracts for agricultural supplies have

USBR also evaluated alternatives to the tiered pric-allowed agricultural users to pay a lower price for wa-
ing specified in the act, including an analysis whichter supplies in return for accepting supplies with alower
assumed that ability to pay provisions were not in force,level of reliability. Typically this was achieved by
This approach would reduce applied irrigation waterdeficiency provisions incorporated in the water
by an additional 25 tar in an average water year. Thesupply contracts.
greatest reduction in applied irrigation water use oc- Both urban and agricultural water agencies must
curred in USBR’s alternative which¯ exceeded thepay transportation costs incurred to bring the water
requirements of the statute by applying full cost pric-supplies to their service areas. However, agricultural
ing to the first 80 percent of contract water supply,agencies are often closer to the surface water sources
110 percent of fi~ll cost pricing to the second tier, andand in many cases are able to rely on gravity-operated
120 percent of full cost pricing to the last 10 percentconveyance and distribution systems, avoiding energy
of contract water suppl~ The draft PEIS estimated thatcosts associated with pressurized pipelines. Urban wa-
this alternative would reduce applied irrigation waterter supplies often travel through hundreds of miles of
by about ~70 tar in an average year. canals or pipelines, adding considerably to the trans-

After USBR completes the CVPIA PEIS, long-portation costs. For example, by 2000, power costs to
term contract renewals can begin. The effects of tiereddeliver SWP water to the San Joaquin Valley service
pricingon CVP water usewill be manifested over time,area are estimated to be about $15/af. Power costs to
as more contracts are renewed. The relationship of CVPdeliver the same acre-foot of SWP water to the South
tiered pricing to CVP water use, however, cannot nec-Bay, Central Coast, and Southern California service
essarilybe generalized to price/water use relationshipsareas are estimated, to be about $34, $78, and $87,
for agricultural users served from non-USBR sources,respectively.
Agricultural water users served by the SWP,, local wa- Urban water systems have additional delivery costs
ter projects, and self-s~pplied sources already pay fullcompared to agricultural systems. For example, urban
cost rates for their supplies, water users must pay for terminal storage and pressur-

ization of water. Monitoring and treating water for
Comparing Agricultural and Urban public health pro~ection is expensive, and costs are ex-
Water Costs pected to increase as a result of more stringent drinking

Generally, agricultural water supply costs are lowerwater standards. Most urban water systems also incur
than urban costs. Much of the State’s earliest large-substantial costs to install and read meters, and to pre-
scale water development was for agriculture, and thepare billings.

C--0~4~ 08
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BMP Revisions and
Water Savings Assumptions

Table 4B-1 provides a synopsis of revisions to urban water conservation BMPs, as
adopted by CUWCC in September 1997.

Table 4B-2 summarizes BMP water savings assumptions specified in the Urban MOU.
These assumptions served as the basis for urban water use study.conservation savings cal-
culations, according to the following general formula:

S~w,~ = U~,~* R *I’

where

S = water savings resulting from the implementation of conservation measure c, in wa-
ter use category w, at time t, expressed in gallons per day

15~,~ = base year water use in water use category w at time t, expressed in gallons per capita
per day

R~w = reduction in water consumption resulting from the implementation of conserva-
tion measure c, in water use category w, expressed as a proportion of base year water
USe

P~w,~ = population affected by conservation measu-re c, in water rise category w, at time

4B-1 ~mmx 413 ¯
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[] TABLE 4B- 1

BMP Revisions
Changes to Existing BMP Definitions, implementation Schedules, Coverage

Requirements, and Reporting Requirements Contained in Exhibit 1 of the MOU

B3~IP BIVlP Name Change~ to Changes to Changes to Changes to Reporting
Numbar BMP D~t~nition Implonwntatlon $ehedul~ Coverage Requlrouwnt Requlr~ncnt

’ ,’ ~    ,"-i .." - ,’ ..7 ~ ." :: .-. ¯ , .. .... " ,- "    , . ," ,", . ," .... . ..-_ -. ~- ~’: ~" .’ ~ " " . ~ ’’ ’~ ..:., ": .."

,.. 11! ,. ¯ :.~ W~at.er Su~q!~rtg~.~,~’s ~,Remove~ requ!(~meO~’to,: , :"{:-Ext.end~.the imp!em.¢~t~itign ~,~. R~t~ce~ the~T~quir~meiatd~aL.~i!!}}.Requ~.ts’si~m, il~r-F)rp~s.and,..

’. : ~ ’vResidefitia~:~md /, .i .- , ?e~id~n~i~:w,ate, r 0.s~S, Al!0~v£.V:. dateth~ BMP is revi~ed or the .’kes, ide~tial 9t~)_omersa.cd¢pt.?a~n, :

- .... ’ 3 ’:. Customers: : ,: ’3 : ahd ma~keihng ap~rodth~. . ,,. MOUi Whichever’islater. ~ ’ _. :widi the kequirement that .?"

:, :. ~ ¯ ......̄ ’ : :: ::: , ,:..~-...elements .Reqmresagenc~esto:- .: : . ~ : "    ~i-," ~. : ::z.o. the date of,!mplcmentara0rt

2 Residential Plumbing Adds requirement that Replaces the requirement that Replaces the requirement that Requests similar types and

~
Retrofit agencies maintain device agencies realize the coverage 75% of single-family and 80%amounts of information as

t~ distribution programs a~ levels requirement by September 1, of multifamily residences currently being collected in
sufficient to distribute retrofit 2001, with the requirement constructed prior to 1980 are CUWCC annual reports.
kits to not less than 10% of that they maintain the retrofitted with the
residential accounts each program at specified level until requirement that 75% of
reporting period until coverage they can demonstrate coverage single-family and multifamily
requirement is met. Allows requirement is met. residences constructed prior to
agencies to use mass 1992 are retrofitted.
distribution methods as
appropriate. Allows agencies to
develop targeting and
marketing approaches tailored
to their service areas. Requires
agencies to develop data base
to track program.



TABLE 4B-1

BMP Revisions
Changes to Existing BMP Definitions, implementation Schedules, Coverage

Requirements, and Reporting Requirements Contained in Exhibit I of the MOU (continued)

BI~IP BMP Name Changes to Changes to Changes to Changes to ReportingNumber BI~IP De3~nltion
Implementation Schedule Coverage Requirement Requirement

i:’ 3- ; : ~SystemWater Audits;~..’:-"Repl~&,s req~iirem~nt that -" Make~ imp!emen~a~iofi " " N~change, :: i~.,’- :. ~Requests simila~ _types and[. " " - " ~eak Deted~i0fi:arid ,.:,5 !i a~erm[~ eor~duct ~?c0mpie{e~~ :. ,~ched~l~/relaiive-totheTda~e .¯
Repair:. , } .. - ._::-.-sys~eni a~dit ,m, erg-t~r.,eeyears " ;th( BMPis revised or :the date:- .    : . " ; ..-- , ~.o, currently being collected in

"" " , 7:. i ,. . :: ,. i :,i i: ’~udifsandc0ndudtfu~is~,~tem.i 7.:: .’’ ..--. : ..’...:~. ¯i’ -..
’!’::~::" "’:" "" " "ii’ ~’’"" ’ ~" * ~ a" ;    . ¯ ¯ ; -~ -’ " i ’ - . - :- ........ :.." .        ._.. " ~’: . - - . ,..... , ....... : , ...... . . ......ud~t.~ only ifm&cated.by.the . ,, : --: ..... . .... . ...... ¯

i.:’ ..:":--~/e,;screel~audit.: ::,i .i.:.:u,:",-- . .~ .., ,,-:..~ .."- ..... " ,--. i,

4 Metering with Adds requirement tha~ Makes implementation No change. Requests similar types andCommodity Rates for agencies assess feasibility of schedule relative to the date amounts of information asAll New Connections program to retrofit mixed-use the BMP is revised or the date currendy being collected inand Retrofit of Existing metered accounts with an agency signs the MOU, CUWCC annual reports.
Connections dedicated irrigation meters, whichever is later. Extends

date that coverage requirement
must be met from September
1, 2001, to 10 years from the
date the BMP is revised or the
date an agency signs the
MOU, whichever is later.





TABLE 4B-I

BMP Revisions
Changes to Existing BMP Definitions, Implementation Schedules, Coverage

Requirements, and Reporting Requirements Contained in Exhibit 1 of the MOU (continued)

BMP BMP Name Changes to Changes to Changes to Changes to Reporting
Number BMP Definition Implementation Schedule Coverage Requirement Requirement

7 Public Information Adds requirement that Makes implementation No change. Requests similar types and
Programs agencies conduct public schedule relative to the date amounts of information as

awareness surveys every three the BMP is revised or the date currently being collected in ~’-
years to assess conservation an agency signs the MOU, CUWCC annual reports.
attitudes and guide program whichever is latei.
design.

9 Conservation Programs Replaces audit requirement Makes implementation Requires either 10% of Requires agencies to substantiate
for Commercial, with a two track approach. An schedule relative to the date commercial, industrial, and either completed audits or water
Industrial, and agency can choose either to the BMP is revised or the date institutional accounts to savings estimates. Requests
Institutional Accounts implement an audit program an agency signs the MOU, accept an audit within 10 yearssubstantially more information on

for CII customers, or to meet a whichever is later. Allows or a reduction in water use by" program design and
water saving~ performance agency 10 years from date commercial, industrial, and implementation than what is
target for the CII sector. BMP implementation is to be institutional accounts by an currendy being collected through
Requires CUWCC to develop started to begin meeting amount equal to 10% of the CUWCC annual reports.
long-term CII ULFT coverage r~equirement, use by the top 10% of
implementation targets based accounts.OnuLFTfindings of cLrwcc CIIwater savings study

within one year of BMP
adoption.



TABLE 4B-1

BMP Revisions
Changes to Existing BMP Definitions, Implementation Schedules, Coverage

Requirements, and Reporting Requirements Contained in Exhibit 1 of the MOU (continued)

BMP BMP Name Changes to Changes to Changes to Changes to Reporting
Number BMP Dqfinltlon Implementation Schedule Coverage Requirement Requirement

:i ~ .. i0 ::~i.-".kI ~:Wh_ol,aie~gency, :. !:il.)i:~-!.~e.fi.n~s whgl~:age~,ir.-,,~ ~ .i~~,a!~,e~j ~i[ l~erit~. i~il .~i ~
(New)’. :~ .~ iA~. si~iance .P.rbgram~ ~7 .:: :::support r0!.¢s ~[~i:term~.0f~ ~ .-~: i.-schedU!: re !~itive~t~i t~e.-da~id . : :,! fi.na~ ~ciaL~

11 Conse~ation Pfic~g Retaim ~rrent &finitions of M~ ~plemenmtion No &ange. Requ~ts s~ar ~ ~d
non-conse~ing and con- s&edNe relatNe m ~e date ~oun~ of information as
seeing.rate s~uctur~. Adds the BMP is revi~d or the date cu~entlg being collected in
requirement ~at C~CC ~ agen~ signs ~e MOU, C~CC annum reports.
under~e a stu@ to whichever is later.
empiric~g ~s ~e ~e~ of
rate ~ructure on ~stomer
water use patterns ~d
qu~tities, ~d to specifi~lg
ex~ine the rdationship
be~een customer dem~d
and ~e proportion of agen~
revenue reqMrement recovered
¯mugh commodiv charges,
~ed &argo, ~d other seMce



TABLE 4B- 1

BMP Revisions
Changes to Existing BMP Definitions, Implementation Schedules, Coverage

Requirements, and Reporting Requirements Contained in Exhibit 1 of the MOU (continued)

BMP B[clP Name Changes to Changes to Changes to Changes to Reporting
Number BMP D~flnltlon Implementation $ehedul~ Cov~age Requ~r~t Requir~t

14 Res~denil ULFT Remov~ reference to CII MI~ implemeataio~ Io l~ge. Requ~= similu Ii~ ~d
(formerly R~placement Irogr~s RFT replacement sched~e relative to ~e date amounts of information ~
IMI 16) requiremeats; ole~ise no le IMI is r~vised or ~e date ~urr~nly b~ing collected in

subs~ntive change, an agen% signs ~e MOU, C~CC annul repots.
whichever i later, llows
agen~ I0 years from date
implementation is to
commence to meet coverage
requirement.



TABLE 4B-2

BMP Water Savings Assumptions

BMP BMP Name MOU Savlngs Assumptlons
Urban Water Use StudyNumber Coverage Requirement Raduction Factor Modellng Assumptlons

-~ !~re-1980 Comtruaion      ~ ~ .....
" Water Survey Programs for Single- : i5% of residentialac*ounts,       Shower head replacement: 7.2gp0~t~ " Modeled based On MOO

: ’ ’ ~ . ’ Family and Multifamily Customers :: " " ~ :
-:: . :: - ........... . .... . ,, - Savings,assutnptions.: ’

" " ’ ’ " ’ ":~ ~ ’- -’:- : "" " Toilet retrofif:l.3 gpcd " ’- ::¯ - ’ " LandscapeAudi~i 10% bf outdoor use ~ -

: " TSile(.. retiofit: 0..gpcd. .... .~ : : "           - ....
. ,:     .

" -~         :.i :LandScape Audit." 10% 0f0utd00r:u~’ei[:’’ ?                                                                       ."

2 Residential Plumbing Retrofit 75% of single-family and multifamily Pre-1980 Construction Modeled based on MOU
residences. Shower head replacement: 7.2 gpcd savings assumptions.

Toilet retrofit: 1.3 gpcd

Post- 1980 Construction
Shower head replacement: 2.9 gpcd
Toilet retrofit: 0 gpcd

::713, :.i:~:~ :, :/.-: ::. ’Sydte .mW~~er Audi~;: Leak~ Detection;.’ :~ Maintain active dis,trib~ion system : unaccoumed water’losses assumed t~ : N6tmodeledbecat~se statewide
!:, 7~ ~,:/.~{ ma, d Repair .. :: " .: ~.. ’~": .- ’: .,::i:q i-.,~auditing program ~nd’iepaie system - .7 be no m0~e thanlO0/0 of ~oial water: " ~r~age U~cco,nted wa~eri~,ss

......... ; .... ’" ...... ’ " ’~: .... ’ " ’" leaksw~encost~ffecti~e ’ " ’ : int .... ~ " " " ’: ’ " ’ " :[’ ~ i : :~.i[::" ~-; ~ i" ~. :0:~ : :’ ; :’ "’ ’- " .... /.,U : : , ,. ..... - -., ... ...... - o thee suppl~e~rs~ s~stem... . ,.’ . cur~en.tly ~eets (he MOU target:

4 Metering with commodity rates for all 100% of unmetered accounts to be 20% reduction in demand by Modeled based on MOUnew connections and retrofit of existingmete, red and billed by volume of use. retrofitted accounts, savings assumptions.connections

., 5-:.., :-Larg~ Lafidscape conseivati0fi .- : - ," EYEo.. ba~ed water use budget~ for 90%,15% ~ediJctiofi~ in iftlgation’w~tdt : ~. ,Not m0dded doe t6 insufficiefit’-’.’..’ .i: P~o~r~afi~ ~nd Incindve~" .: ::,~ ’ : 6faccountswith dedicatedi{rigation -d~mand:forsufireyedlandscapds " ’ ¯ baseyeai~t,tao-n lands~a.pe
.. ’ ’ ’ " "~’ ~ . : - . ’."~.-- ~: ..... meters;:o, irrigafioti water usd Surveys for ..... ’ ~ " ~ : " ..... - ~;ater’U~, andacrea~e.

.... ’ " " : .... :. :;- " ,--~. "]5~ofCIIacc0untswid~mixedhse -~ ~ .    , ,..i. - ~ ’.. : :.~ .: " ....
’ , ’- ’¯ ’: ’. " . ’~ . ": meters. .’ : , -~    . . . " . .. "    " . - ’, - ’~-/ :.-

6 High-Efficiency Washing Machine Cost-effective customer incentive for Not quantified at this time. Not modeled due to "notRebate Programs (he purchase of high-efficiency washing quantified" status in MOU.
machines to be offered if incentives are
being offered by local energy provider
or wastewater utility.



TABLE 4B-2
BMP Water Savings Assumptions (continued)

BMP BMP Name MOU Savlngs Assumpt~ons
Urban Water Use Study

Number Coverage Requlremcnt Reduction F~tor Modellng ~mpao~
~; ,7, " 7[ -,. ,~ Public;!~orm~fion Pr0gr~s .: ~ } ~ [ :~, M~nt~ ~ve public information ; Not quantified.":; "~: :

8 School Education Programs M~ntain an active school eduction Not qu~tified. Not modeled due to "not
progr~ to.edu~te smdenu in quantified" status in MOU..
~enci~’ se~ice arem about water
conse~afion ~d efficient water us~.

.:;9-7; ::: C0p~e~afionProgramgfo~:. : [..~ "10% of CII cust6mers to ~ccept a water :Commercial Water ~i
: . " ~. ’  0mmerci , iad tri  and Use ~u~ey orrMuce water use bY:CII ’.!2% redueti0n in:water me

" ~ InStituti0n~ Accoun~ . " ? ~tomers by ~ ~ount equ~ to :i0%per employee per ~y) 0c~tring from

. ~’ ~ ’" :": .... ; ..... " ’ . ~Indus~l Water
" ’ : : ’ " ’ ’ : : .15% reddc/ion in water u~e(~lon~:

, : ’ erem 10 ee- erda ) 0ccurrin from-: . . .~ - . p .... p,y p. ....
1980-2000 ’ ,.

10 ~olmde AgenW ~sistance Progr~s Repo= on cost effectiveness of ea& Not quantified. Not modeled due to "not
BMP ~e agenW is potential obligated quantified" stares in MOU.
to support, agen~ avoided cost per
acre-foot of n~ water supplies,
monet~ value of fin~ci~ incentive
~d rcsourc~ provided to retail
members to resist or support BMP
implementation, and amount of
ver~ed water savings achieved by each
wholes~er-~isted BMP.

’~11 ’ ; Conm~ation PfiC~ ¯ ¯ " ~ M~n~ff rate structure consistefit-wi~~ ;’Not quitted. ’    ’

’ } ~ , :’ ’ )-"’ :’,’ ’~-, ":pric~ foree~is-~d recent S~di~
" ,7: , ~:’.;: :    :- ’ ." . ’, ~ ,’.,’ ’ , ’





Normalizing Urban Water Use

¯ ~ Some of ~e public co~ents ~e Deponents~ple data for 12 cities or wa~er ~enci~, to ~us-
(:~2~’2 ~ received on ~e ~ B~etin 160-98 de~t wi~ how~ate geograp~c v~iab~ ~ produ~on, toge~er M~
~’ norm~ized ~b~ water use data were d~eloped ~dstateMde averse water producton. Thee plowed data

why norm~ized data ~ffered ~om a~ water pro-do not include self-produced water, water ~at is de-
~ duction data. This append~ is provided to addressveloped by entities for their own use. Most

¯ ose co~en~, seN-produced water ~ developed by ~dustrM ~ers.
B~etin 160-98 estimates of ~b~ water use be-The Dep~ment estimates quarries of self-produced

¯ ~. gin M~ raw data from ~e Dep~ent~ s~ey ofwater ~ough perio~c s~ey~ ofindus~i~ water ~-
~’,~.~27 public water wstems. TNs s~ey provides locN ~en-ers.
~~’:~.. cies’ ~nu~ water production w~ch, when combined State.de, ~e residenti~ se~or accosts for over
’~~..._~ ~ pop~a~on data, ~ be sho~ ~ ~en~ per ~pitah~f of tot~ ~b~ water use. The l~dscape compo-
,.~. water production. For each of~e B~efin 160 DAUs nent of residential (and some commercial and
,.~:, (or in some c~es, PSi) representative water pu~ey-,insfimfion~) ~e s~on~y i~uenc~ ye~-m-ye~ v~ia-
.....~ ors are selected, and their production data arefions~b~me, refle~gav~ab~ofprecipitafion

(:~:.~
qu~W-con~o~ed to ~ in missing data points, check~d o~er water so~ces. L~pe water use incre~es
produ~on nmbers, ~d resolve inconsistencies ~ ~e~ @ ye~s in most p~ of~e State, Nwater supplies
data. ~e av~able, since less precipitation occas. Region~

~?::~
Fi~e 4-4 ~ Chapter 4 showed how averse state-v~iations in l~cape water ~e reflect climatic ~f-

:~2:; Mde urb~ water pr0duc~on h~ v~ied over ~e.ferenc~ ~d ~e ~ent to w~ a~able water supp~
.~’~’~, Information ~ed to prep~e ~e fig~e ~e from ~edepend on loc~ precipitation or on topples from o~er
~ public water systems su~eys. Figure 4C-1 showsso~ces.

Sample Ur~ W~er P~u~n D~

~..,’
’ 1980                        1.985                        1990                        1995~ .

4C-I ~v~ 4C ~

 --094 8
C-094]



FIGUR~ 4C-1
(continued)

,

~0-

1980 1985 1990                                                 1995

(~nfinu~

1980 1985 1990 1995

Addressing ~e impacts of ~e 1987-9~ ~oughtlower ~ ~ B~edn 160 norm~i~d urb~ water
w~ a major consideration in renewing ~e water p~-~e data.
veyor ~ta ~ed for B~e~ 160-98. ~ sho~ ~ Fi~e Norm~ed ~b~ water ~e is ~c~ated for each
4-4, state,de averse ~b~ per opita water produc-DAU, except in ~e sp~sely pop~ared dese~ ~e~ in
fion declined d~ing ~e ~ought ye~s due to watersou~e~tern C~fomia, where c~c~afions ~e done
rationing ~d o~er shod-term res~i~ons in use, butat a PSA level. Recent production data ~om ~epr~en-
¯ en be~ to rebo~d. Cap~g ~s rebo~d effectmfive water p~eyors ~e combined wi~ norm~ water
w~ ~por~t to es~afing 1995 norm~i~d ~b~supplies ~d water use pa~erns to produce a compos-
~e for B~et~ 160-98. ~ described in Chapter 4,ite per capita water produc~on v~ue for each DAU.
¯ e norm~z~g process is ~tended to remove waterData for ye~s d~ing ~d ~e~ately fo~o~g ~e
~e ~re~ifies due to ~ough~, ~remelywet ye~s,~o~ht ~e removed from consideration due to ~e
or o~er con~fions. Cflend~ y~ 1995 w~ awet ye~.effe~ of water sho~es of~precedented severi~ ~d
Acm~ ~b~ water production ~ta for 1995 ~e ~us’ d~afion ~d a m~ti-y~ rebound in per capita water



,.~, use. The composite per capita water production value ¯plus self-produced water) are multiplied by the corre-
%~: is adjusted to account for self-producedwater supplies,sponding population to arrive at base 1995 normalized

~) permanent effects of urban BMPs, and post-1990urban water use for each DAU. When DAU-level in-
’:":~’~ changes to federal and State plumbing fixture stan-formation is combined into hydrologic regions for
,~.:.. dards to result in base year per capita water use. Bulletin 160 water budgets, the "other" component of

(~ The amount by which a normalized value differsurban water use is added to the regional water bud-
’.::’!::.~! from actual production data for a given year varies fromgets. This "other" component is small in comparison
~.~ DAU to DAU, as shown in Figure 4C-2 for some and includes recreation water use, energy production
¯ .,~-~::z sample DAUs. (The 1995 statewide average normal-water use, and losses from major conveyance facilities.

~ ized per capita urban water use was 229 gpcd, of which(With the addition of the "other~ component, total
9 gpcd represented self-produced water.) Normalized1995 normalized statewide average per capita water

~ per capita water use data (water purveyor productionuse is 244 gpcd.)

FIGURE 4C-2
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Technology In
Water Management

T
his chapter highlights the present status and anticipated development

of water management technologies. Review of water management tech-

nologies provides an important foundation for evaluating water

management options described in later chapters of the Bulletin. For example, it is

a common public perception that seawater desalting will solve most of California’s

future v~ater problems. However, the current and reasonably foreseen state of desalting

technology suggests that it will be used to meet relatively small, specialized needs due to

its high cost. This chapter presents some case histories of selected technology applications

and illustrates a few innovative examplFs.

Demand Reduction Technologies

Technological advances have improved urban and agricultural water use efficiency

throughout the State. Future advances are expected to affect landscape irrigation,

residential indoor water use, interior commercial, institutional, and
The City of Santa

Barbara’s desalter industrial water use, and agricultural water use. Since the purpose of
was operated

the Department’s Bulletin 160 series is to assess water supply benei~ts,
during the drought

in 1992 and ls now it is that aspect of demand reduction that the Bulletin addresses. Demand
on standby status.

reduction technologies may provide additional benefits, such as reducing

water treatment costs, reducing fish entrainment at water supply

5-1 TECHNOLOGY IN WATER MANAGEMENT []

C--0941 24
C-094124



The California Water ~lan Update BULLETIN 160-98

diversion structures, or reducing nonpoint source run-ize residential water use may yield data allowing more
off. These other benefits are recognized in the Bulletin’saccurate forecasts of components of urban water de-
options evaluation process, as described in Chapter 6.mand. This information would help allocate demand

reduction program resources.
Landscape Irrigation Technology Previously, the breakdown of residential water use

New irrigation control system technology can savewas estimated from water meter data and assumptions
water by setting irrigation cycles to account for changesabout the water use of various fixtures and appliances.
in such factors as soil moisture and ET. New technol-However, a 1995 study in Boulder, Colorado, showed
ogy includes both retrofit devices and redesignedthat detailed information on water use patterns could
irrigation controllers, be gathered through analysis of data obtained from

Residential landscape irrigation systems often in-data loggers attached to residential water meters. The
dude sophisticated control devices such as electronictraces have sufficient detail to identify flow signatures
timers and electric solenoid-controlled valves. Thisof individual fixtures and appliances. The technique
increased sophistication does not always translate intoalso provides information to differentiate between in-
water savings because homeowners often lack infor-door and outdoor water use. Based on the success of
mation on landscape plant water requirements,the Boulder study, a larger study was organized by the
Consequently, many residential irrigation timers areAmerican Water Works Association Research Foun-
permanently set to meet maximum summer seasondation. The goal of this study is to collect information
water requirements. A 1997 study by Utah State Uni-from 1,200 homes in 12 cities, for two 2-week peri-
versity showed that significant water savings could beods--one period in the winter and another in the
achieved by retrofitting existing residential irrigationsummer. The information will be sorted into its major
control systems with inexpensive (about $100) soilend use components: toilets, showers, baths, faucets,
moisture-sensing devices. The devices are placed in-dishwashers, washing machines, and leaks. Preliminary
line between the existing timer and valves and overrideresults are shown in Table 5-1. These data will be com-
a planned irrigation cycle when adequate soil mois-bined with information from a survey of study
ture is available. Study results showed that the devicesparticipants to construct a residential water use model.
reduced landscape irrigation water use by an averageA final report on the study is scheduled for publica-

of 10 percent. Follow-up questionnaires revealed thattion in 1999.
over 70 percent of the study participants observed that Plumbing Fixtures. State law requires all toilets
their lawns were as green or greener than before instal-sold or installed in California to use no more than
lation of the device. 1.6 gallons per flush. These standards have pushed tra-

New irrigationsystemcontrollersforthecommer-ditional gravity operated toilets to the limit of

cial, industrial, and institutional sectors areacceptable operation. The performance of gravity op-
programmed for irrigation schedules based on normalorated toilets is limited to the flow rate achieved
year ET rates, and are adjustable to account for devia-through the bowl under the force of gravity, placing a
tions from normal year ET. Some of the most advancedlimit on the potential for reducing the amount ofwa-
controllers can be automatically adjusted to currentter used in each flush.
ET rates using telecommunication pager technology Pressure-assisted toilets use pressurized flow, in
to access weather data from automated weather sta-conjunction with siphon action, to give acceptable
tions. Rainfall sensors represent an inexpensive method
to automatically terminate irrigation controller pro- TABLE 5-1
grams during precipitation. Distribution of Residential Indoor Water Use

Reslden~’al Indoor Water Use Technology Component Average Use (%)

Technological advances in residential indoor wa- Toilet 26
ter use efficiency have come primarily from redesigning Washing Machines 23

plumbing fixtures to meet new State and federal stan- Shower/Bath 20
Faucets 15dards. Future efficiencies will come from improved Leaks 13

fixtures and installation of more water-efficient home Dishwasher 1
appliances. In addition, new technology to character- Other Uses 2
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operation with less flushing water. The increased flowduce the amount of cold water that must be displaced
rate (more than 70 gpm compared to about 25 gpmfor hot water to reach the fixture. Because they do not
for gravity designs) provides greater force to removestore hot water, tanldess systems save energy by elimi-
solids from the bowl and hastens the start of the si-hating standby losses.
phon action. In addition, the surge of water from a Water savings depend on the amount of water to
pressure-assisted toilet is more effective at pushing wastebe displaced before hot water reaches the fixture (or
through the drain line. the amount of water that would have been displaced,

In the past, use of pressure-assisted technology wasin the case of tanldess systems). Measurements by the
limited to the commercial sector due to high costs andCalifornia Energy Commission show that about two
increased noise. Current residential designs are lesstimes the pipe volume between the water heater and
expensive than previous models and only slightlythe fixture must be replaced before hot water reaches
noisier than gravity toilets. Pressure-assisted toiletsthe ietxture, due to heat lost to the pipe. A 1996 study
range in price from $220 to $815, compared to $65of potential water savings in Southern California
to $575 for gravity toilets. Future residential designsshowed that hot water demand systems could save ap-
may use 0.5 gallons or less per flush, proximately 30 gpd per unit.

Washing 3Iaehlnes. Horizontal-axis washing
machines (front loading washing machines) use sig-Interior �II Water Use Technology

nificantly less water than traditional vertical-axis, Plumbing Fixtures. The water savings potential
central agitator machines. Rather than fully immers-of 0.5 gpftoilets also applies to the commercial sector.
ing the clothes, the tub of the washer rotates throughIn addition, while State law requires that urinals use
a horizontal axis in alternating directions to lift andno more than an average of 1.0 gpf, this water require-
tumble the clothes through a pool of water. Recentment could be further reduced or eliminated through
studies show that these washers use about 25 to 35 per-the use of waterless urinals. Waterless urinals attach to
cent less water than central agitator models.

Currently; horizontal axis washing machines pro-
duced by American manufacturers range in price from
about $700 to $1,100. Models by some European
manufacturers are considerably more expensive. Prices
are expected to decrease to within about $200 of cen-
tral agitator models as the market grows. A recent
survey of appliance retailers showed the residential mar-
ket for front loading washers could increase from about
2 percent at present to between 5 to 20 percent over
the next five years.

Water Heaters. Hot water demand systems save
water by either eliminating the need to drain cold water
sitting in the pipe between the water heater and the
plumbing fixture, or by reducing the distance between
the heater and fixture. Demand systems are designed
in two basic configurations: central storage tank and
tankless systems. Central storage tank systems are based
on traditional water heater and plumbing systems,
modified with the addition of a valve to open a loopHigh effideney horizontal axis washing machines are being
back to the hot water tank, and a pump to push theused in commercial applications, but are just becoming
cold water back to the water heater while drawing hotavailable for home use. A check of large appliance dealers in

water into the pipe. When hot water reaches the fix-1998 showed that two brands of horizontal axis washers were
ture, the loop closes and the hot water exits the fixture,commonly in stock, atpriees rangingj~om $700 to $1,100.

Comparable standard washers cost from $100 to $600 less.
Tan!dess systems, also known as instantaneous or on-Some utilities are offering their customers rebates on the
demand water heaters, heat water only when needed,order orS100 to $150 for purchasing the horizontal axis
They can be located near the plumbing fixture to re-machines.
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standard plumbing stubs, but require no flushing wa-tower, the salt concentration increases. Salt build-up
ter to operate, must be managed to avoid scaling on condenser tubes,

Water savings from waterless urinals depends onwhich results in reduced heat transfer efficiency.
the frequency of use and the flushing water require-Blowdown is the release of some of the circulating water
ment of the fixture that is replaced. A 1996 study into remove the suspended and dissolved solids left be-
Southern California showed potential savings fromhind due to evaporation. Make-up water is added in
about 11 gpd per fixture in office buildings to aboutplace of the blowdown to reduce the total dissolved
55 gpd per fixture in airports and movie theaters. Insolids. Water savings can accrue by minimizing
1995, the U.S. Navy equipped sample bathroom fa-blowdown or by converting to a dry cooling process
cilities at the Naval Air Station North Island in Sanbased on air heat exchangers.
Diego with waterless urinals. The study found that Blowdown can be minimized by treating the re-
replacement saved about 45,000 gallons of water percirculating water with sulfuric acid or ozone (to control
year, with a pay-back period of about 3 years. Basedscaling and biological fouling), by mechanical filtra-
on the success of the trial, more than 200 waterlesstion of solids, and by the use of conductivity sensors
urinals were installed at the station. To date, the uri-and automatic valves to precisely control the
nals remain in operation and perform well whenblowdown/makeup process. Savings can be maintained
maintained according to manufacturer recommenda-through regular calibration of the conductivity sen-
tions, sors. A 1996 study conducted for MWDSC suggested

Cooling Towers. The largest use of water in the that the majority of potential cooling tower water say-
industrial s~ctor is for cooling. Water is used to coolings in Southern California could be realized through
heat-generating equipment, manufactured products,the addition and/or calibration of conductivity con-
and food products and containers in canneries. Thetrollers. Water savings estimates ranged from about 400
most water-intensive cooling method is once-throughto more than 900 gpd per site.
cooling, where water contacts and lowers the tempera- Air heat exchangers use fans to blow air past finned
ture .of a heat source, then is. discharged to waste,tubes carrying the recirculating cooling water. The
ReciJ:culating cooling tower systems reduce water usePacific Power and Light Company’s Wyodak Generat-
by using the same water for several cycles, ing Station in Wyoming uses dry cooling to eliminate
:~ ¯ The majority .of cooling towers in California arewater losses from cooling water blowdown and evapo-
recirEul~iting e~-aporative systems, where the tempera-ration. The processed steam is condensed by routing
ture of the cooling water is reduced throughit through finned carbon steel tubes as fans force air,
evaporation. As cooling v~ater is recycled through theat a rate of 45 million cubic feet per minute, through

an 8 million square foot finned-tube surface. This tech-
nique results in a water requirement of 300 gpm,
compared to about 4,000 gpm of make-up water for
equivalent evaporative cooling.

Agricultural Water Use Technology

Future technological advances in irrigation systems
~:~;~’::~"~#~ and irrigation scheduling are expected to result in more

;:- . efficient agricultural water use.
Irrigation Systems. Many terms are used in de-

scribing the performance of irrigation systems, but the
two most important are DU and SAE, defined in
Chapter 4. The accompanying sidebar defines several
agricultural technology terms used throughout this sec-
tion. Irrigation experts generally agree that an
80 percent DU is achievable by all irrigation systems
and is an upper limit for existing systems. With today’s

Evapora~ve eoolingtowers are used by a wide range of systems, SAEs of more than 73 percent indicate un-

industt4es, der-irrigation, potentially resulting in a reduction of
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the beginning of irrigation. The longer the water is in

Definition of Irrigation Terms contact with the soil, the more the infiltration rate de-

. Distribution Uniformity: A measure of the variation creases; in some soils it decreases to almost zero.
in the amount of water applied to the soil surface Important factors for achieving high DUs are in-
throughout an irrigated area. take opportunity time and soil infiltration rate. The

¯ Seasonal Application Efficiency: The water IOT varies within an irrigated field. On furrow sys-
beneficially used for ETAW and cultural practices terns, the part of the field closest to the source of waterdivided by applied water, usually has the highest IOT. For high DUs, the IOT¯ Intake Opportunity Time: The amount of time that
applied irrigation water is in contact with the soil. within a field must have a high uniformity. In addi-

¯ Allowable Depletion: Depth of water needed to bring tion, soil will affect the DU. Different soils with the
soil moisture to field capacity--a measure of how dry same IOT will have different infiltration rates. The
the soil is allowed to become before an irrigation is more nonhomogeous the soil, the more soil infiltra-
applied, tion rates will var~ resulting in a lower DU.¯ Reference Evapotranspiration (ETo): The ET ofwell-
watered 4 to 6 inch tall turf. Irrigation timing, applying the correct amount of

water, and having a high DU are important consider-
ations for achieving high SAE. With most surface
systems, the grower must decide how dry the soil can

crop production and an increase in soil salinization,become (its allowable depletion) before an irrigation
Whether a gravity or pressurized system, a well-de-is applied. The grower’s decision is based on the field,
signed and well-managed irrigation systemirrigation system design, crop, soil depth, and other
appropriate to a field’s terrain, soil, crop, and flowfactors. If the soil has an AD of 3 inches, irrigation
constraints can achieve the maximum DU and resultshould occur when the soil in the field has dried to
in high SAE, provided the irrigation water supply is ofthat level. The amount of water applied over the field
adequate quality and is available when needed at theshould be more than 3 inches, because water cannot
proper rate of delivery, be applied with a DU of 100 percent. Irrigating be-

Adoption of new irrigation technology to reducefore reaching the AD could result in an over-application
applied water must result in a reduction of deep per-of water, and a lower SAE. Irrigating after reaching
colation, tailwater runoff, ET, or leaching requirement,the AD might result in an under-application, and an
Reduced deep percolation and tailwater runoff couldoverly high SAE, which is not desirable because plant
be achieved by improving in DUs and irrigation man-stress may occur.
agement. Evapotranspiration could be reduced by Pressurized, or piped, irrigation systems use pipe-
minimizing losses from surface evaporation, or by in-lines and water emission devices to discharge water into
tentional underirrigation with no loss in productiona field and onto or under the soil surface. Water is
or quality. Reducing the leaching requirement (thepressurized using a pump and is usually passed through
amount of water used to leach salts from the soil) isa filter to reduce the chance of dogging the emission
not a goal because insufficient leaching results in salin-devices. The water is distributed from a main pipeline
ization of the soil, rendering it less productive andsystem and sub-mains to lateral pipelines in the cropped
consequently reducing water use efficiency, field. Water flows from the emission devices as either a

Gravity; or surface irrigation, systems use the soilspray or a very small continuous stream. As the water
surface to spread and move water on and over a field,meets the soil, it infiltrates to replenish soil moisture.
The major types of gravity irrigation systems used in Pressurized systems are very different from surface
California furrows, border-strip, and level basin--systems. The performance of surface systems depends
are discussed in the sidebar. The field is optimallyupon soil infiltration rates, IOT, and the amount of
rectangular, with the water entering the field from thewater applied. With pressurized systems, DU is Con-
highest side. The water moves over the surface of thestant and depends on the hardware design and
soil, eventually covering the area intended for irriga-maintenance. The DU will not change, unless pipe-
tion, and infiltrates the soil to replenish soil moisture,line leaks or dogging of devices occur, or winds distort
The rate of infiltration varies by soil type and time (athe spray pattern. One of the most important design
sandy soil has a much higher infiltration rate than aconsiderations for achieving high DUs is pressure regu-
day soil). All soils have a maximum infiltration rate atlation, as flow rates change with pressure. Excessive
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pressure variations in the design will result in a lowwater stress, the soil’s water holding capacity within
DU. the crop root zone, water availability and/or delivery

The most important considerations for achievingconstraints, amount of effective rainfall, and applica-
high SAE with pressurized systems are applying theti0n rate. With this information, along with soil
correct amount of water during an irrigation, andmoisture determinations, plant stress indices, and/or
maintaining a high DU. Since a pressurized systemestimates of crop ET, a grower can develop a water
can apply any amount of water with the same unifor-budget schedule. The water budget compares crop ET
mity; the amount of water needed to replenish the cropwith soil AD, allowing the grower to decide when and
root zone must be determined before the irrigation,how long to irrigate.
Then the irrigation can be operated for the correct Soil moisture is monitored many ways. Subsur-
amount of time to apply the required water. The ma-face soil samples can be taken and visually inspected
jor types of pressurized irrigation systems used into estimate the moisture status. Soil moisture can be
California--sprinkler and micro-irrigation--are dis-estimated with mechanical devices such as tensio-
cussed in the sidebar, meters or with electrical resistance devices such as

Irrigation Scheduling. All irrigation systems re- gypsum blocks that rely on the change in electrical
quire proper scheduling to achieve high SAEs. Toconductivity of water in the device. A neutron probe,
develop an optimized irrigation schedule, the groweranother moisture-sensing device, measures the amount
considers several factors: allowable or desirable cropof neutrons reflected from water molecules in the soil.

Gravity (Surface) irrigation Systems
Furrow Systems Technologies and actions to opdmize DUs and increase

Furrow is the most common gravity system, and is usedSAEs for furrow systems include:
for field crops, truck crops, trees, and vines. Channels or̄ Dragging torpedoes (heavy metal cylindrical devices)within
corrugations are cut or pressed into the soil of a field, usually a furrow to smooth and compact the soil surface will
one furrow between planted rows of crops. Efficient furrow decrease the advance time. This is most effective for early
systems have a slight grade, sloping from the head of the field season irrigations, where the soil surface is rough due to
where water enters the furrows to the bottom of the field, tillage, and the soil intake rate is high.
Water is delivered to the furrows using an earthen ditch and̄ Shortening the length of the furrow will result in decreased
siphon tubes, gated pipe, or underground piping and aboveadvance time. (Shortening furrows increases the number
ground valves. In furrow systems, only the sol! in the channel of furrows, which can also result in less planted acreage
is wetted. Between 20 to 50 percent of the soil surface in a and an increase in the cost of irrigation.)
furrow irrigated field usually comes in contact with thē Laser leveling offlelds to achieve a uniform slope, and a
irrigation water, steeper slope (if practical), will decrease the advance time.

To irrigate sloping furrow systems efficiently; tailwater is ¯ Using surge irrigation, a technique where short term
allowed to run off the end of the furrows. A tailwater recovery opening and closing of valves provides water to the furrows,
system is needed to reapply this water, either on the same resulting in the water "surging" down the furrow. (This
field or on another field. Efficient management requires a technique is better suited to some soil types than others.)
relatively high flow at the beginning of the irrigation, to get This technique wi!l improve the uniformity of IOT in a
the water down the furrow quickly, then the flow is cut back furrow. It requires a surge valve designed for this
to reduce tailwater. With furrow systems, high DUs can be application, and can easily be automated.
achieved when the advance time (the time it takes the water° Reducing the flow rate in each furrow after the water has
to move from the top of the field to the end) is relatively reached the end of the furrow is essential to reducing the
short compared to the total time of irrigation, amount of tailwater produced.

Furrow systems can be designed and operated to achieve° Using a properly planned and designed tailwater recovery
good SAEs for a range of ADs, except for very small ADs. system, along with efficiently using the captured tailwater
The AD changes as the root zone changes. The early season on the same field or other irrigated fields.
irrigation of annual crops will not be as efficient as later season
irrigations, because the early season AD would be smallBorder-Strip Systems
(shallow root depths), while the later season AD would be Border-strip systems are generally used for alfalfa and
large (deep roots). Infiltration rates are typically higher soonpasture, but can be used on field crops and trees and vines. A
after p[antlng and lower later in the season, field is divided into a number of strips, usually between 20 to

con~nued ...
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100 feet wide. Low levees, or borders, divide each strip. Each adjusting the flow rate, changing border spacing, and using
strip has a slight slope from the head of the strip to the bottom, laser leveling to achieve a uniform slope and minimize cross
and ideally litde or no slope between the sides. Water is slope.
delivered to each strip usinglmearthenditchandsiphonmbes,̄ Use a properly planned and designed tailwater recovery
gated pipe, or undergrotmd piping and above ground valves, system, and use the captured tailwarer effldently on the
Usually all the soil surface in the strip, other than that in the same field or on other irrigated fields.
borders, comes in contact with irrigation water.

A relatively large flow of water is directed into each stripLevel Basin Systems

during irrigation. The time it takes for the water to reach the Level basin systems can be used on alfalfa, pasture, trees,

end of the ~ield is the advance time. When the water is betweenvines, and field crops. The size of each basin is variable and
60 to 90 percent of the way down the strip, the water is shutdepends upon soil inflkration rate and flow rate of water.

off, and the water already in the strip continues to move downBasins can vary from small (50 x 50 feet) to large (I0 or more

the strip. The time it takes for the water to recede from theacres). There should be little or no slope within a basin.
soil surface (from the top of the strip to the bottom) is theEarthen berms are built up on all sides of the basin. Water is
recession time. To achieve a high DU, the advance time mustdelivered into each basin from pipelines and valves for smaller
be very similar to the recession time, resulting in a uniformbasins or from lined or unlined ditches with large gates.
IOT over the strip. Generally, a border-strip system isNormall),, level basins are designed to have no tailwater. To

designed and operated to have a small amount of tailwater,achieve a high DU, the basin must be level, the flow ofwarer

which requires a tailwater recovery system for reducingmust be high enough to cover the soil surface in a very short
applied water. Border-strip systems can be designed totime (without any soil erosion from the flow), and the soil

have a high DU and can achieve a high SAE, but only forshould be homogeneous.

a specific AD, Border-strip systems are well suited to crops Technologies and actions to optimize DUs and increase
with a constant deep root zone, such as alfalfa, pasture, trees,SAEs for level basin systems include:
and vines. ¯ Use laser leveling to achieve a precise grade.

Technologies and actions for border-strip systems to¯ Minimize soil variability within a basin. Large basins can
optimize DUs and increase SAEs indude: be subdivided into smaller basins with uniform soil
¯ Modify the advance rate to match the recession rate by characteristics.

A side rol~ wheel move
sprinkler system.
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Moisture content can also be estimated by dielectric Crop ET estimates are developed using either
sensors, devices that measure the dielectric content of evaporation pans or weather information. Class A
a soil. evaporation pans are commonly used for measuring

Plant stress indicator devices include pressure evaporation. The pans, constructed of galvanized steel
bombs and infrared thermometers. A pressure bomb or aluminum, are situated in the center of a large irri-
is used to determine the turgor pressure within the gated turf area. The pan station includes devices to
cells of a plant’s leaf, which provides information on measure rainfall, temperature, wind speed, and rela-
the plant’s moisture status. Infrared thermometers are tire humidity. Evaporation is measured by monitoring
hand-held devices used to measure plant canopy tern- the change in height of the water in the pan. The evapo-
perature. Plants can control water loss by regulating ration readings are multiplied by crop coefficients to
the stomata[ openings in their leaves. Monitoring plant estimate ET of a specific crop.
canopy temperatures with this device aids in determin- Many growers use automated weather station data
ing if crop stress is occurring, and can indicate the status for determining crop ET, such as the California Irriga-
of soil moisture, tion Management Information System. CIMIS is a

Pressurized (Piped) Irrigation Systems
Sprinkler Systems HandMove Systems. Hand move systems are similar to

Sprinkler systems are the most common type of pressurizedthe solid set systems, using the same aluminum pipelines,
systems and can be used for almost all crops. There are manybut do not normally cover a whole field. After an irrigation,
different sprinkler head designs with flow rates that can varythe sprinkler laterals are disconnected from the sub-mains,
from 10 gpm to less than 1 gpm. The spacing of the sprinklerand moved by hand to the next location in the field. After
heads in the field depends upon the flow rates and the radiuseach irrigation, the laterals are systematically moved to the
of the area where the spray contacts the soil. To achieve highnext location. These systems are usually designed for each
DUs, systems for field and truck crops are designed to spacepart of the field to receive irrigation water every 7 to 14
sprinkler heads close enough so that there is the properdays.These systems are used on field crops, truck crops, and
amount of overlap of their wetted areas. Sprifikler systemsorchards.
for tree crops do not generally depend on overlap. WheeledSystons. Wheeled systems have the lateral, risers,

To achieve high DUs, a system must be designed to haveand sprinkler heads all mounted on wheels that can be moved
minimal pressure variation, which ensures uniform flow ratesthroughout the field during the irrigation season. Side roll
from the sprinkler heads. Sprinkler nozzles must besystems are designed to be stationary during the irrigation.
maintained, because dogged or partially clogged nozzles lowerAfter the irrigation, they are moved (using an on-board
DU, and worn nozzles will change flow rates, resulting inengine) to the next location.
larger variations in pressure in the system. The application Linear Move Systems. Linear move systems have the
rate must be the same or less than the soil’s infiltration rate.lateral, risers, and sprinklers mounted on pipes between large
There are many variations in sprinkler systems used inwheeled towers. The system continuously travels down the
California. field during irrigations. The water is usually supplied to the

Permanent Systems. Permanent systems use undergroundsystem via a canal parallel to the travel of the system.
pipelines. Risers connect to an underground lateral, usually Center Pivot Systems. Center pivot systems are similar

¯ withasprinlder headattachedless than afoot from the surface,in structure to linear move systems, except instead of the
These systems are commonly used for orchard irrigationlateral traveling down the field, it travels in a circle in the
(under tree), but when connected to taller risers they can befield. One end of the lateral is fixed in the middle of the
used for vines, field, where the water enters the lateral. The entire lateral

Solid Set Systems. Solid set systems use above groundrotates around this pivot (which is usually a well), and
aluminum pipelines, usually in 30 foot sections. Short riserscontinuously moves during irrigations.
connect the aluminum laterals to sprinkler heads. With a Low-Energy Precision Application Systems. LEPA
solid set system, the irrigation system covers a completesystems are similar to linear move sprinkler systems, except
field. The system may stay in the ~ield for the whole that they have drop tubes from the lateral to the soil surface
growing season, and be removed before harvest, or mayinstead of sprinkler heads. These systems are used in fields
be used only for germination or transplant establishmentthat have furrows, sometimes with small checks or dams in
of vegetable crops. These systems are used mainly for fieldthe furrow. The LEPA system travels perpendicularly to the
and truck Crops. furrows, and drop tubes emit water uniformly into the

furrows. con~nued...
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Technologies and actions for sprinkler systems to optimizeare spaced much closer and are installed 8 to 18 inches below
DUs and increase SAFes include: the soil surface.
¯ Minimize pressure variation within the system. Design Micro-spray systems use small plastic sp~:inlders or jets that

sprinkler heads, nozzles, and spacings for the properspray water over the soil surface, creating a wetted area 12
amount of overlap in spray. Ensure that applicationfeet or more in diameter. The droplet sizes are small compared
rates are lower than the soil infiltration rate, and thatto a sprinkler system, and the application rate is low. Micro-
filtration is adequate. The sprinkler system must bespray heads are connected to plastic lateral hoses, usually one
properly maintained, hose per row of trees. These systems are not designed to wet

¯ To avoid spray losses, avoid irrigation during windythe entire soil surface like a typical sprinkler system. These
conditions, and ensure that pressures and nozzles aresystems are used almost exclusively in orchards.
compatible to avoid misting. Drip and micro-spray systems can achieve high DUs

¯ Where appropriate, use flow control nozzles, if pressure variation is minimized. Because of the small
nozzles and emitter pathways, partial or full c!ogging isMicro-Irrigation (Low Volume) Systems
always a potential problem, and can significantly reduceUse of these systems increases each year. In many areas

with trees and vines, they are the predominant method ofDU. These systems require regular maintenance to reduce

irrigation. Low volume systems have many of the sameclogging, including frequent flushing of pipelines and

components of.sprinkler systems: pressurized waterlateral hoses, and addition of chemicals (such as chlorine

sources, filters, main pipelines, sub-mains, and laterals,and acids) to kill bacteria and other biological growth and

The main difference is the devices that emit the water toto reduce scale buildup. The systems require filtration and
the filters need regular maintenance to ensure that theythe soil. These emit water at a very low flow rate (from 0.5

to 10 gallons per hour). There are two types of devices used,operate as designed.

drip and micro-spra)~ With drip devices (emitters), water flows Achieving a high SAE with these systems is dependent on

out as a constant stream (0.5 to 2 gallons per hour) directlymaintaining a high DU and on proper irrigation scheduling.

to the soil. With micro-spray, the devices (spray heads)One advantage to these systems is that irrigation scheduling

produce a spray (4 to 20 gallons per hour) over the soilis more easily controlled than most sprinkler and surface
systems. Flow can be started and stopped easily (providing

surface. Other key differences between micro-irrigation
systems and sprinkler systems are that the entire mainthe water delivery system can accommodate this), and

and sub-main pipelines are usually underground rigidthey are easier to automate, even to the extent of using

plastic pipe, the laterals are flexible plastic hose, and theremotely sensed field information for making irrigation

filters are designed to remove much smaller particles totiming decisions.

prevent clogging. Emitter and spray heads use small Technologies and actions for optimizing DUs and

orifices, channels, or nozzles to regulate flow rates, andincreasing SAEs of micro-irrigation systems include:

are subject to clogging by particulate matter and biological
¯ Ensure that pressure variation within the system is

growth, minimized, the filtration system is adequate, and prevent

Drip system emitters are usually spaced 2 to 5 feet apart, emitter clogging.
Drip systems can be buried or placed on the soil surface.̄ Perform regular inspections of filters, emitters/spray heads,
Emitter spacing is based upon the soil type being irrigated, pressure levels, and tubing/pipelines, and provide regular
with sandier soils needing a closer spacing, and clay soils using maintenance, including filter cleaning and hose/pipeline
the greatest spacing. Drip systems are mostly used for orchards flushing.
and vines, strawberries, and nurseries, but their use is̄  Where appropriate, use pressure compensating emitters or
increasing for vegetable crops. In these systems, the emitters microsprinklers.

repository of climatological data collected at 93 corn-used with a modified Penman equation to calculate
puterized weather stations throughout the State.ETo. ETo is used in irrigation scheduling to esti-
CIMIS was developed by the Department and themate plant ET, by multiplying ETo by the
University of California at Davis, and has been in op-appropriate crop or landscape coefficients.
eration since 1985. Weather data are collected daily Regulated deficit irrigation is a technique to re-
from each weather station site and automatically trans-duce crop ET. Irrigation is reduced during a specific
mitted to a central computer in Sacramento. Currently,stage of the crop’s growth, resulting in some crop stress
the CIMIS computer receives over 25,000 requests forat the time, but with little or no negative effects on
ET data annually, representing approximatelyproduction, qualit)~ or on future growth. Research has
75,000 end users. The weather data (solar radiation,shown that this management technique may be ap-
temperature, relative humidity, and wind speed) areplied to some tree crops such as pistachios, almonds,
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and olives. This irrigation strategy may have its great-The process may be accomplished by batch, column,
est value in drought situations, where a grower may beor fluidized-bed operations. Spent carbon may be re-
forced to under-irrigate, generated or may be disposed of in accordance with

regulatory requirements. In addition to the traditional

Water Treatment Technologies use of activated carbon for taste and odor control and
dechlorination, carbon adsorption is widely used for

As discussed in Chapter 3, water quality is a criti-removal of volatile organic chemicals and synthetic
cal factor in determining the usability and reliabilityorganic chemicals.
of any particular water source. Traditional public health Granular activated carbon adsorption is a unit
practices emphasize the need to use best available qual-process with a proven ability to remove a broad spec-
ity sources for municipal supplies and to implementtrum of organic chemicals from water. EPA considers
source protection measures to maintain high qualityGAC adsorption as the best available technology for
raw water sources. Where raw water supplies are ofremoval of VOCs and SOCs. Powdered activated car-
less than pristine qualit)~ greater reliance must be placedbon has traditionally been used to control taste and
on treatment technology. Water recycling and desalt-odor in water, and is also used for removal of certain
ing are becoming larger components of potential futureSOCs, especially pesticides. PAC, in combination with
supplies, especially for urban areas. To transform theseconventional water treatment technology, can provide
lowerqualityrawwatersourcesinto reliable water sup-acceptable levels of pesticide removal in surface wa-
ply options, the basic water treatment technologies. ters. A typical application of PAC would be for seasonal
described in this section are used. Application of theseremoval of pesticides found in municipal treatment
technologies to specific .options (such as treating con-plant raw water supplies during wet weather. ’Some
taminated groundwater) is also outlined, limitations to use of PAC include the potential need

for large doses of carbon to achieve desired levels of
Description of Water Treatment Technologies treatment, and the resultant high sludge produc-

Aetlvated Carbon Ad~orptlon. Treatment by ac- tion.
tivated carbon adsorption is most applicable to organic Air-Stripping. This treatment technique removes
contaminants. By bringing contaminated water in con-VOCs from contaminated water. Countercurrent air-
tact with activated carbon in granular or powderedstripping in a packed tower is the most common
form, the contaminants are adsorbed onto the carbon,process. The conventional configuration of a unit con-

sists of a tower with water inflow at the top and air
inflow at the bottom. The tower is filled with small
diameter random packing. As clean air moves upward,
the VOCs transfer from the water phase into the air
phase. Treated water exits from the bottom, and the
air containing VOCs is discharged from the top of
the tower, either into the atmosphere or into a gas
treatment system.

Since air-stripping transfers contaminants to the
atmosphere, they must take into consideration allow-
able VOC emissions. In some parts of the State, such
as in the South Coast Air Quality Management Dis-
trict, emissions are strictly regulated and additional
treatment to reduce emissions to acceptable levels is
needed. GAC adsorption may be used with air-strip-
ping to control emissions from a packed-tower aeration
system.

The closed-loop air-stripping process is an inno-
vative extension of the traditional air-stripping
technolog~ The dosed-loop air-stripping process corn-

An ~vaporat~on pan with weather station in the background, bines air-stripping with an ultraviolet photo-oxidation
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This air atm’p#ing system at
McClellan Air Force Base in

Sacramento is being used
to clean groundwater

eontamlnated with solvents.

process to control VOC emissions. In this process, ex- RO membranes permit water to flow through
haust air is irradiated with UV radiation in athem while rejecting thepassage of dissolved contami-
photo-oxidation chamber, and VOCs are destroyed,nants. This is based on the natural osmotic process
The end products are carbon dioxide, hydrochloricwhere water passes through a semipermeable mere-
acid, and ozone. The treated air is recycled to the PTAbrahe from a solution of higher concentration to a
unit. lower one. In RO, a pressure greater than osmotic pres-

Advanced Oxidation. In contrast to GAC or air- sure is applied to the contaminated water. Water passes
stripping, advanced oxidation processes can destroythrough the membrane but contaminants are retained.
organic contaminants rather than transferring themRO systems using newer membranes operate at about
from one medium to another. Examples of AOPs in-250 psi for desalting brackish groundwater and up to
dude treatment with ~ ozone/hydrogen peroxide,1,000 psi for seawater desalting.
and ozone/UM. AOPs provide more powerful oxida- Electrodialysis induces contaminant ions to tui-
tion and at faster rates than conventional oxidants suchgrate through a membrane, removing them from the
as chlorine. As a result, they can remove compoundswater. In an electrodialysis unit, contaminated water
which are not treatable with conventional oxidants,is pumped into narrow compartments separated by al-
These oxidants can also reduce disinfection by-prod-ternating cation-exchange and anion-exchange
ucts created by processes such as chlorination. To date,membranes, selectively permeable to positive and nega-
much AOP work has focused on removing low-too-tire ions. A variation of this process is called
lecular weight solvents such as TCE and PCE fromelectrodialysis reversal. In electrodialysis, the electrical
contaminated groundwater, and on reduct.ion of DBPs.current flow is always in the same direction. In EDR,

Membrane Technologies. Membrane technologies the electrical polarity is periodically reversed, which
include reverse osmosis, electrodialysis, microfiltration,reverses ion movement and flushes scale-forming ions
ultraflltration, and nanofiltration. RO, MF, UF, andfrom the membrane surfaces.
NF are pressure-driven processes of barrier separation; MF, UF, and NF operate similarly to RO, but at
electrodialysis employs electrical potential as the driv-tower pressures. More stringent drinking water regu-
ing force. Membrane processes have been used forlations coupled with diminishing sources of pristine
desalting, removal of dissolved organic materials, soft-waters have stimulated interest in the use of membrane
ening, liquid-solid separation, pathogen removal, andtechnologies in drinking water treatment. The use of
heavy metals removal. Other promising membranelow-pressure membrane filtration for municipal water
technologies are membrane phase-contact processes,treatment is a relatively new concept in the water in-
These processes are not pressure driven but removedustr?; which has traditionally used membranes for
contaminants by extraction into another phase, as doremoving salts or organic materials. MF operates at
air-stripping and solvent extraction, pressures ranging from 20 to 100 psi and is capable of
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removing micron-sized (10.6 m ) materials. Colloidalthe pH upward. The sulfide system removes most
particles are physically rejected by MF membranes. UFinorganics (except arsenic). The disadvantage is that
operates at pressures ranging from 3 to 150 psi and issulfide sludges are susceptible to oxidation to sulfate
capable of removing materials that are on the order ofwhen exposed to air, resulting in resolubilization of
a nanometer in size (10.9 m) from water. Dissolved in-the contaminants.
organic contaminants are not retained by MF and UF Biological Treatment. Biological treatment uses
membranes. One of the most novel applications of low-microorganisms to remove contaminants in water
pressure membrane technology is the removal ofthrough metabolic processes. The process can be a sus-
microorganisms such as �oliform bacteria, viruses, gia-pended growth system, where the microorganisms and
rdia, and cryptosporidium from drinking water sources nutrients are introduced in an aeration basin as sus-
without using chemicals for primary disinfection. Thepended material in a water-based solution, or a
efficiency of low-pressure membranes in removingfixed-film system where the microorganisms attach to
particles from untreated water supplies has been well. a medium which provides inert support. Biological
documented. MF and UF have shown to be capabletreatment is used in municipal wastewater treatment
Of consistently reducing turbidities to less .thanand for treating water containing organic compounds
0.1 NTU, regardless of the influent turbidity level, such as petroleum hydrocarbons. Biological treatment

NF operates at pressures ranging from 150 tois often used for remediation of leaking fuel tank sites,
300 psi and has characteristics between those of ROeither above ground, or in situ.
and ME The capital cost of an NF plant is typically Disinfection. This treatment inactivates pathogens
high compared to conventional treatment plants be-in water. The most common disinfection process is
cause of the cost of membranes and high-pressurechlorination, often used to treat wastewater and drink-
equipment. Pilot and bench-scale studies have dem-ing water. Two relatively new disinfection processes
onstrated that nanofiltration is effective in removingapplied in water recycling include UV radiation and
DBP precursors and SOCs such as pesticides. NF isozonation. UVhas recently been approved by the DHS
also frequently used for water softening applications,for disinfecting recycled water. UV has been shown to

Ion-Exchange. The process passes contaminatedbe as effective as chlorine or ozone in reducing coliform
water through a packed bed of anion or cation resins,bacteria and is more effective at virus removal. UV has
The resin type is selected based on the contaminant tothe potential to be more cost effective than chlorine
be removed. The treatment process exchanges ionsdisinfection, and eliminates the DBPs and handling
between the resin bed and contaminated water. By dis-hazards associated with chlorination.
placing ions in the resin, contaminant ions become Innovative Treatment Technologies. Many inno-
part of the resin and are removed from process water,vative technologies are being used to treat contaminated
During the ion-exchange process, the exchange capac-groundwater at hazardous waste sites. These technolo-
ity of the resin becomes depleted and needsgies typically combine basic processes with a few
regeneration to become effective. Sodium chloridespecial techniques. In the future, these technolo-
brine is used to regenerate the resin. Ion-exchange isgies may see broader application in groundwater
widely used for removing nitrates in groundwater andrecovery projects. Some examples of these technolo-
for removing some metals. It may also be used for watergies, primarily those applied at pilot or full scales, are
softening. Its effectiveness in removing radionuclidescovered below.
is being investigated in a number of full scale applica- The EnviroMetal Process, a proprietary technol-
tions, og~ treats gcoundwater in situ using reactive metal

Chemical Precipitation. Chemical precipitation (usually iron) to enhance the abiotic degradation of
is used for removing heavy metals from water. The con-dissolved halogenated organic compounds. A perme-
taminants are precipitated from solution and removedable treatment wall of the coarse-grained reactive
by setding. There are several types of chemical addi-metallic media is installed across a plume of contami-
tion systems including ones using carbonates,hated groundwater, breaking down contaminants as
hydroxides, and sulfides. The carbonate system usesthey migrate through the aquifer. This technology has
soda ash and pFI adjustment. The hydroxide system isreceived regulatory approval for use in at least two in-
most widely used for removing inorganics and metals,dustrial facilities in California for treating shallow
The system uses lime or sodium hydroxide to adjustplumes with elevated levels of VOCs.
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Integrated vapor extraction and steam vacuumbeen operating in a laboratory for over two years. So-
stripping removes VOCs, including chlorinated by-dium chloride, sodium nitrate, and ammonium
drocarbons, in groundwater and soil. The integratedperchlorate solutions have been tested with excellent
system has a vacuum countercurrent stripping towerresults. Electrode life has been acceptable in the labo-
that uses low-pressure steam to treat contaminatedrator3~ with electrodes operating for more than two
groundwater, and a soil vapor extraction process to treatyears with little degradation. The electrodes appear to
the soil. The stripper and the soil vapor extraction sys-be regenerable with little loss of capability. Energy re-
tems share a GAC unit to decontaminate the combinedquirements appear less than current desalting
vapors. The technology has been used to treat TCE-technologies. Field testing has begun in Northern Call-
contaminated groundwater and soil. fornia, and will later be moved to Southern California.

Steam-enhanced extraction uses injection wells to
force steam through the soil to enhance vapor and liq-Applieau’on of Water Treatment Technologies

uid extraction thermally. The process extracts volatile Water Recycling. Recycled water uses include
and semivolatile organic compounds from contami-groundwater recharge, agricultural and landscape irri-
nated soil and groundwater. The recoveredgation, wildlife habitat enhancement, industrial use,
contaminants are condensed or trapped by activatedand recreational impoundments. Groundwater re-
carbon filters. After treatment is complete, subsurfacecharge and agricultural and landscape irrigation
conditions are suitable for biodegradation, constitute the greatest uses of recycled water in the

Subsurface volatilization and ventilation technol-State. Table 5-2 lists some water recycling plants hav-
ogy uses a network of injection and extraction wells toing a capacity of at least 10 mgd.
treat subsurface organic contamination through soil Indirect potable reuse of recycled water has been
vapor extraction and in situ biodegradation. A vacuumpracticed for years through groundwater recharge pro-
pump extracts vapors while an air compressor injectsgrams. In Los Angeles Coun~ the Montebello Forebay
air in the subsurface. In most sites, extraction wells areGroundwater Recharge Project began recharging the
placed above the water table and injection wells areCentral Basin aquifer with recycled water in 1962.
placed below the groundwater level. Because it pro-Currently up to 60 taf/yr of recycled water percolates
vides oxygen to the subsurface, the process can enhanceinto the groundwater basin, from which it is later ex-
in situ bioremediation, tracted for distribution in potable water systems. Water

The PACTwastewater treatment system is a pro-Factory 21 in Orange County and the West Basin
prietary technology that combines biological treatmentWater Recycling Facility have been producing advanced
and PAC adsorption to contaminated water. Microor-treated recycled water for seawater intrusion barrier
ganisms and PAC contact wastewater in an aerationinjection, with the majority of the injected water en-
tank. The biomass removes biodegradable organictering the groundwater and becoming part of the water
contaminants, and PAC enhances adsorption of or-supply.
ganic compounds. PACT systems treating up to As advanced treatment technologies become more
53 mgd ofwastewater are in operation. This process iscost-effective, and as public acceptance increases, aug-
applicable to groundwater contamination from haz-mentation of surface water supplies may become
ardous waste sites, another application for recycled water. The San Diego

Capacitive deionization desalting is an experimen-water repurification program, discussed in the sidebar,
tal process being researched at Lawrence Livermorewould be the first example of planned, indirect po-
National Laboratory. It involves passing water throughtable reuse where repurified water is discharged directly
electrodes made of carbon aerogel and generating ainto a surface reservoir without percolation or injec-
small voltage differential between alternating positivetion into groundwater. (Unplanned, indirect potable
and negative electrodes, thus drawing ions out of thereuse occurs whenever treated effluent is discharged
solution. The ions are removed by electrostatic attrac-into a waterway upstream of another user’s water sup-
tion and are retained on the electrode until the polarityply intake.) Reservoir retention allows for additional
is reversed. The ions are then captured with a smallmonitoring of the repurified water prior to introduc-
amount of water. Other dissolved materials such astion to a potable water supply. Surface water supply
trace metals and suspended colloids are removed byaugmentation projects are approved by DHS on a case-
electrodeposition and electrophoresis. The process hasby-case basis.
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TABLE 5-2
Water Recycling Plants with a Capacity of at Least 10 mgd

Name Capacity Treatment Process Type Of Reuse Annual Supply
(toga)" (taJ)

San Jose Creek Water 100 Primary sedimentation, Groundwater recharge, 43.2
Reclamation Plant (Los activated sludge, agricultural and landscape
Angeles County coagulation, filtration and irrigation, and nursery stock
Sanitation District) chlorination irrigation

Donald C. Tillman Water 80 Primary sedimentation, Recreational lake, wildlife lake, 20.0
Reclamation Plant (City of activated sludge, and Japanese garden
Los Angeles) coagulation, filtration,

chlorination, and
dechlorinarion

Fresno-Clovis Metropolitan 60 Primary sedimentation, Agricultural irrigation 13.7
Area Regional Wastewater trickling filter, and activated
Facilities sludge

Los Coyotes Water 37 Primary sedimentation, Landscape irrigation, 5.9
Reclamation Plant (Los activated sludge, coagulation,industrial reuse (process water,
Angeles County Sanitation filtration, and chlorination concrete mix, and dust
District) control), and crop irrigation

West Basin Water Recycling 37 Coagulation, filtration, Industrial use, landscape 8.4
Facility (West Basin Water clarification and reverse irrigation, and seawater
District) osmosis (5 mgd), intrusion barrier

microfiltration and reverse
osmosis (2.5 mgd)

Chino Basin Municipal 32 Activated sludge, coagulation, Landscape irrigation and 1.7
Water District Regional filtration, chlorination, and recreational lakes
Plant No. 1 dechlorination

City of San Diego North 30 Primary sedimentation, Landscape irrigation 3.0
City Water Reclamation activated sludge, coagulation,
Plant filtration, and chlorination

Terminal Island Treatment 30 Primary sedimentation, Seawater intrusion barrier and 0b

Plant (City of Los Angeles) activated sludge, filtration, industrial use
reverse osmosis, and
microfiitrarion

Salinas Valley Reclamation 30 Primary sedimentation, Agricultural irrigation 13.2
Plant (Monterey Regional trickling filters, coagulation,
Water Pollution Control filtration, and disinfection
Agency)

Long Beach Water 25 Primary sedimentation, Landscape irrigation, nursery 5.1
Reclamation Plant activated sludge, coagulation, irrigation, and repressutization

filtration, and disinfection of oil-bearing strata

City ofModesto Wastewarer 25 Primary sedimentation, Fodder crop irrigation 14.4
Quality Control Facility trickling filter, oxidation

ponds, and chlorination

Central Contra Costa 25 Primary sedimentation, Landscape irrigation, and light 1.2
Sanitary District Water activated sludge, UV industrial
Reclamation Plant disinfection, coagulation,

filtration, and chlorination
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TABLE 5-2
Water Recycling Plants with a Capacity of at Least 10 mgd (continued)

Name Capad~y Treatment Process Type Of Reuse Annual Supply
(mgd)a (ta29

Los Angeles-Glendale Water 20 Primary sedimentation, Landscape irrigation and 3.3
Reclamation Plant (City of activated sludge, coagulation, industrial reuse
Los Angeles) filtration, chlorination, and

dechlorination

City of Bakersfield 19 Primary sedimentation and Crop irrigation 16.8
Wastewater Treatment Plant oxidation ponds
No. 2

Laguna Treatment Plant 18 Primary sedimentation, Fodder irrigation 9.3
(City of Santa Rosa) activated sludge, coagulation,

filtration and chlorination

Fairfield2Suisun Subregional 17 Activated sludge, coagulation, Sod farming and duck 2.4
Wastewater Treatment filtration, chlorination, and hunting marsh maintenance
Plant dechlorination

¯ Michelson Water 17 Primary sedimentation, Landscape irrigation, nursery 8.2
Reclamation Plant (Irvine activated sludge, coagulation, irrigation, and toilet flushing
Ranch Water District) filtration, and chlorination

Whittier Narrows Water 15 Primary sedimentation, Groundwater recharge and 9.4
Reclamation Plant (Los activated sludge, coagulation, nursery stock watering
Angeles County Sanitation filtration, and chlorination
Distric0

San Jose/Santa Clara Water 15 Activated slu.dge, filtration Landscape irrigation and 7.5
Pollution Control Plant and chlorination industrial processes

Pomona Water Reclamation 13 Primary sedimentation, Agricultural irrigation 12.5
Plant (Los Angeles County activated sludge, coagulation,landscape irrigation, and
Sanitation District) filtration, and chlorination industrial process

City of Visalia Water 12 Primary sedimentation, Non-food crop irrigation 4.9
Conservation Plant trickling filter, activated

sludge, and chlorination

Valley Sanitary District 12 Primary sedimentation, Non-food crop irrigation 4.3
Wastewater Treatment trickling filter, activated
Facility (Riverside County) sludge, and oxidation ponds

City of Bakersfield 12 Primary sedimentation, Agricultural irrigation 11.6
Wastewater Treatment Plant trickling filter
No. 3¯

Desert Water Agency 10 Coagulation, filtration, and Landscape irrigation 2.7
Wastewater Reclamation chlorination
Facility (Riverside County)

Water Factory 21 (Orange 10 Coagulation, sedimentation, Groundwater injection for 2.6
County Water District) filtration, carbon adsorption intrusion barrier

(5 mgd), reverse osmosis
(5 mgd), and disinfection

Lancaster Water 10 Primary sedimentation, Wildlife refuge and fodder 9.7
Reclamation Plant oxidation ponds, and irrigation

chlorination

~ One mgd equals 1,120 af/yr
b Expected to operate by 2000 with annual supply of t9 tar

e 5-15 TECHNOLOGY IN WATER. MANAGEMENT []

C--0941 38
(3-094138



The California Water Plan ~:pdate BULLETIN 160-98

San Diego Water Repurification Program
The City of San Diego, in conjunction with the San DiegoRecycled water from the North City Water Reclamation Plant,

County Water Authority, proposes to repurify 16 taf/yr of treated to levels acceptable for landscape irrigation and for
wastewatet for indirect potable purposes. Results of pilot other nonpotable purposes, would be treated further at the
studies conducted by the agencies show that wastewaterproposed 18 mgd wastewater repurification facility. The
can be repurified to a level suitable for humanrepurification process would indude subjecting the recycled
consumption. The agencies would construct an 18 mgdwater to four more treatment processes-- low-pressure micro-
wastewater repurification facility using state-of-the-artfiltration, reverse osmosis, ion-exchange, and ozonation. These
technology to treat recycled water from the City of Santreatment processes, while redundant in their functions,
Diego’s North City Water Reclamation Plant. The repurifiedensure reliability of the overall repurification system and
water would be transported over 20 miles to the 90 taf Sanproduce an end product that would exceed current health
Vicente Reservoir, where it would be blended with importedand safety standards.
raw water supplies and stored for a period of time. The blended Pilot studies show that the City of San Diego could turn
water would eventually be conveyed via the existing E1 Monterecycled water into an alternative drinking water source. The
Pipeline to the city’s Alvarado Filtration Plant forcity is preparing an environmental document and has begun
traditional treatment before being delivered to the city’sdesign of the project. The project is expected to begin
drinking water system, operation in late 2002.

Repurified water is based on a concept of multiple barriers.

The California Potable Reuse Committee was The source control program is to include pretreat-
formed in 1993 to study the viability and safety of ment/pollution prevention measures that prohibit
indirect potable reuse. The committee, commissioned the discharge of any substance which, whether
by DHS and the Department, developed six criteria done or in combination with other wastewater
that must be met before indirect potable reuse is al- constituents, causes or threatens malfunction or
lowed for augmentation of surface water supplies, interference with the wastewater treatment pro-
(DHS has other proposed regulations and criteria for cess, constitutes a hazard to human health or safety,
indirect potable reuse through groundwater recharge or affects the water quality of the potable storage
projects.) The criteria are: reservoir.
(1) Application of the best available technology in Treatment criteria for reuse of municipal waste-

advanced wastewater treatment with the treatmentwater are mandated in Title 22 of the California Code
plant meeting operating criteria. Best availableof Regulations. These criteria specify the treatment
technology must include a membrane componentlevel for specific reuse applications. Treatment tech-
with the functional equivalency of reversenologies used for water recycling depend on the reuse
osmosis, application. For most nonpotable reuse applications

(2) Maintenance of appropriate reservoir retentionat least secondary treatment is required. To achieve
times based on reservoir dynamics, secondary treatment, conventional biological treatment

(3) Maintenance of advanced wastewater treatmentprocesses such as activated sludge process, trickling fil-
plant reliability to consistently meet primary mi-ters, or oxidation ponds are used, followed by
crobiological, chemical, and physical drinkingsedimentation and disinfection with chlorine.
water standards. Tertiary treatment, which is often standard for

(4) Compliance with applicable State criteria forrecycled water, is achieved by adding a filtration step
groundwater recharge for direct injection of re-after secondary treatment and before final disinfection.
cycled water. Two major types of filtration technology are applied

(5) Maintenance of reservoir water quality. In addi-in tertiary treatment plants: conventional and direct
tion to meeting drinking water standards, recycledfiltration. Conventional filtration, as defined in Title
water used for reservoir augmentation shall be of22, includes coagulation, sedimentation, and filtration
equal or better quality than that in the storage res-to condition the water. Conventional filtration tech-
ervoir on a constituent-by-constituent basis, nology requires that the filters be backwashed to

(6) Provision for an effective source control program,prevent turbidity breakthroughs. The Title 22 back-

[] TECHNOLOGY IN WATER MANAGEMENT 5-16                                                                 0

C--0941 39
C-094139



The California Water Plan Update BULLETIN 160-98

TABLE 5-3

Sample Desalting Plants

Site Owner Capad~y Comments
(mgd)a

Brackish Water Desalting
Arlington Santa Ana Watershed 6.0 Operational

Project Authority
Tustin City of Tustin 3.0 Operational
Oceanside City of Oceanside 2.0 Operational, being expanded
West Basin West Basin MWD 1.5 Operational

Wastewater Desalring
Water Factory 21 Orange County WD 5.0 Operational, being expanded
West Basin West Basin MWD 5.0 Operational, being expanded to 7.5 mgd
San Diego City of San Diego 1.0 Operational

Seawater Desalting
Santa Barbara City of Santa Barbara 6.7 Standby as drought reserve
Morro Bay City of Morro Bay 0.6 Standby as needed
Marina Marina Coast Water District 0.3 Operational
Santa Catalina Island Southern California Edison 0.1 Operational

~ One mgd equals 1,120 af/yr

wash requirements result in an equipment-intensivepacity.) In 1985, the United States had less than 7 per-
process. Direct filtration provides a cost-effective andcent of the world’s capacity; by 1993, that figure had
convenient tertiary technology when secondary efflu-risen to nearly 15 percent. Common feedwater sources
ent quality is high. The technology will likely befor desalting plants include brackish groundwater, mu-
incorporated in areas where effluent from residentialnicipal and industrial wastewater, and seawater. Costs
areas provides the process water. Newer water recy-of desalting increase with increasing feedwater salin-
cling facilities use direct filtration as part of the tertiaryity. Table 5-3 lists some larger desalting plants in
treatment process. Direct filtration bypasses the sedi-California.
mentation step. Continuously backwashed direct Reverse osmosis accounts for 89 percent of the
filtration technology is available, minimizing equip-installed capacity ofdesalting plants in California, in-
ment needs, cluding all the significant plants supplying municipal

Achieving the maximum use of tertiary treatedwater supplies or recycling municipal wastewater. Re-
water for landscape irrigation and other outdoor ap-verse osmosis is likely to continue to dominate in
plications depends on the ability to store the treatedCalifornia, given recent improvements in membrane
water supply when it is not needed. Landscape irriga-performance. Reverse osmosis membranes have
tion demands, for example, have a wide seasonalchanged greatly in the last 20 years. Membranes are
variation in the State’s inland areas. (Landscape irriga-available to serve many purposes. This allows water
tion demands also vary diurnally, with most sitessuppliers to select and operate membranes specifically
demanding recycled water at night when supplies aresuited to the feedwater quality and the required prod-
at their lowest levels.) Groundwater recharge is often auct water quality. Membranes have developed into two
cost-effective solution to meeting seasonal demand pat-principal classes.
terns, allowing the storage of relatively large quantities The first class is the traditional reverse osmosis
of recycled water without the capital cost investmentmembrane which rejects all salt ions (as well as other
associated with above-ground reservoirs, dissolved constituents) equally. This process, also

Desalting. According to the International Desalt- called hyperfiltration, is used on water requiring the
ing Association’s inventory of worldwide desaltingremoval of all classes of dissolved constituents. The
plants, the United States is second in usage of desalt-second class of membrane processes is represented by
ing in the world, with almost 1 maf/yr of installedMF, UF, and NE For example, nanofiltration mem-
capacity. (Only Saudi Arabia has more installed ca-branes reject larger dissolved ions such as calcium and
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Seawater Desalting-
Marina Coast Water District

Marina Coast Water District is the primary water supplier 340 af/yr), and uses beach wells for seawater intake and
for the City of Marina. MCWD relies on the Salinas Valley brine disposal. A shallow production well drilled into
groundwater basin as its primary water supply source, as dobeach deposits near MCWD’s water treatment plant
other Salinas Valley urban and agricultural water suppliers,provides intake water for the desalting plant. Using a
Overdraft of the Salinas Basin has caused seawater frombeach well to supply seawater minimizes the need for
Monterey Bay to migrate into two of the three aquifers extensive pretreatment. Beach sands filter most of the
underlying the coastal part of Salinas Valley. Seawatersuspended material in the seawater. The reverse osmosis
intrusion has rendered some groundwater unfit for use. system is a single stage system operated at 40 to 45 percent
MCWD has had to replace shallower wells with deeper wellsrecovery rates.
to meet demands for potable water. MCWD investigated ways The project produces a reject brine flow of about 450,000
to diversify its water supply sources ~because of potentialgpd. An injection well in a shallow sand aquifer is used to

extraction limitations, and chose desalting asdispose of the brine. Power requirements for the desaltinggroundwater
its preferred option, plant are estimated at 5,000 kWh of electricity per acre-foot

MCWD completed construction of a reverse osmosisof water produced, or about 15 kWh for each 1,000 gallons
seawater desalting plant in 1997. The plant producesof desalted water. Total capital costs for the desalting plant
approximately 300,000 gpd of potable water (equivalent towere about $2.5 million.

sulfate, along with equally large dissolved feedwatertechnologies are sometimes used in combination to
constituents. When used in a water softening role, theyremediate contamination. For example, groundwater
will remove calcium, magnesium, and sulfate fromcontaminated with nitrates and pesticides requires ion-

but allow sodium and chloride ions to passexchange technology to remove the nitrates and GACwater,

through. Nanofiltration membranes are often used foradsorption to remove the pesticides. Table 5-4 pro-
water softening, vides some examples of contaminated groundwater

Advances in membrane technology have reducedtreatment sites. Treatment unit capacities at the loca-
operating pressures, increased flow rates, and increasedtions shown range from 0.3 mgd to 4.1 mgd.
salt rejection in typical reverse osmosis applications-- Some local agencies have integrated groundwater
thereby reducing treatment costs. As operating pres-treatment plants into municipal distribution systems.
sures have decreased, so have energy costs. EnergyThe West Basin Municipal Water District for example,
requirements have accounted for at least 50 percent orconstructed a 1.5 mgd facility that uses reverse osmo-
more of the operating costs of a reverse osmosis plant,sis technology to remove elevated levels of dissolved
New membrane materials have allowed more mem-solids from contaminated groundwater. The plant sup-
brane area per module and higher productivity perplies about 1.5 tafannually of recovered groundwater
square foot. Increased productivity of membranes andto the district for municipal use and to Dominguez
their longer life expectancy reduces the capital cost ofWater Corporation for municipal and industrial uses.
the plant, reducing the cost of water. Increasing salt The Glenwood nitrate water reclamation plant,
rejection provides better water quality. In the case ofowned by Crescenta Valley County Water District, is
groundwater desalting, the high purity product watera 3.7 mgd ion-exchange treatment plant. Treated
can be blended with raw water to meet the desiredgroundwater from the plant is soId to Foothill Mu-
overall product water quality, nicipalWater District and MWDSC for municipal and

industrial uses. The plant’s eventual project yield will
Treatment of�Contaminated Groundwater be about 1.6 taf annuall~z The City of Pomona oper-

The selection of technologies for treating ground-ates a 15 mgd ion-exchange treatment plant, treating
water contamination depends on site conditions andnitrate-contaminated groundwater from the Chino
the contaminants to be removed. Although there are aGroundwater Basin. At full capacity, the treatment
variety of options, no one technology is necessarilyplant supplies about two-thirds of the city’s municipal
capable of responding to all conditions found at awater demand.
groundwater contamination site. In practice, treatment Some aquifers in California are contaminated be-
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cause of past hazardous waste disposal practices. A TABLE 5-4
number of these sites are undergoing remediation. Car- Examples of Contaminated Groundwater
bon adsorption, membrane filtration, air stripping, Treatment Sites
advanced oxidation processes, biological treatment,
chemical precipitation, and innovative treatment tech- Loea~’on Contaminant Treatment

nologies are examples of technologies used. For Lodi DBCP GAC
example, Aerojet General Corporation’s manufactur- Lodi Pathogens UV

ing facility in Rancho Cordova operates a 6.5 mgd Modesto DBCP GAC
Modesto Nitrates Electrodialysis

groundwater treatment facility which removes VOCs Fresno DBCP GAC
from the groundwater. The treatment facility has air- Fresno TCE Mr-stripping
stripping towers and GAC adsorption units. Treated Clovis DBCP GAC
groundwater is reinjected into the aquifer through Monrovia TCE Mr-stripping

wells, and is also recharged via surface impoundments. Monrovia VOCs Mr-stripping
San Gabriel Valley VOCs GAC

Another example is Valley Wood Treating Company
inTurlock, which uses pump-and-treat and in situ treat-
ment techniques for chromium-contaminated
groundwater. The company pumps groundwater andwater for water supply and flood control. Inflatable
uses chemical precipitation for first stage contaminantdams were developed and first used in the 1950s in
removal. Next, a reducing agent is added to the treatedthe Los Angeles area. They were typically inflated
water, which is then reinjected into the aquifer. Thewith water. Since that time, construction materials
resulting reaction reduces chromium in situ andand control systems have been improved and fea-
subsequently fixes residual chromium in the soil.tures have been added, such as fins to reduce

vibrations during overflow. Air is now the preferred
Water Supply/Flood Control inflation medium. The manufacturers report that
Technologies there are about 1,900 of these dams worldwide, with

50 in the United States.
Inflatable Dams Alameda County Water District’s Rubber Dam

Inflatable rubber, or fabric and rubber, dams and No. 3 is a representative example of a modern inflat-
tubes have been used for years as weirs to impound able dam. The 13-foot-high, 375-foot-long dam was

Remediation of Nitrate Contamination-
City of McFarland

The City of McFarland in Kern County has a population of1 mgd ion-exchange treatment plant for another well was
about 7,650 people. McFarland Mutual Water Companyconstructed in 1983.Thetwowellssupplyabout20afannually
supplies municipal water. The company depends on groundwaterof treated water m McFarland and adjoining rural areas within
for raw water supply and has four active wells, the MMWC service area.

Elevated levels of nitrates in MMWC’s water were detected The plants’ designs rely heavily on technology and practices
in the early 1960s. Many wells sampled showed nitrate levelsused in the water softening industr~ Plant location was dictated
exceeding the drinking water standard. Studies identifiedby the existing wells and distribution systems. Because there
fertilizer application on agricultural lands as a major contributorwas no centralized distribution system, the plants had to be
to nitrates in the groundwater. MMWC abandoned two of itsdesigned to operate from a single well. Well pumps operate on
wells due to nitrate contamination and provided treatment fora demand basis, so the plants had to be able to operate
two wells to reduce nitrate levels to meet drinking waterautomatically. The system was designed to accept water direcdy
standards. Two deeper replacement wells were constructed tofrom the well, treat for nitrate removal, and allow treated water
extract groundwater unaffected by nitrate or pesticideto flow direcdy into the distribution system. The ability of the
contamination, process m adapt m quick start-up and frequent on-offoperation

In 1978, the MMWC received an EPA grant to studywas an important consideration in choosing it over reverse
groundwater treatment alternatives, leading to the 1983osmosis and biological treatment methods.
construction ofa 1 mgd ion-exchange treatment plant. A second
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Remediation of Volatile Organics
Contamination-McClellan Air Force Base

In 1981, McClellan AFB initiated soil and groundwaterof the effluent. The treatment plant had a capacity of 1.44
investigation as part of a Department of Defense program tomgd and discharged its treated water to Magpie Creek and to
identify and evaluate suspected contamination at militarya wetland area under permits from the Central Valley
installations nationwide. Groundwater contaminantsRWQCB. Later, the biological treatment unit was removed
identified included VOCs, SVOCs, petroleum hydrocarbons,when the concentration of ketones was low enough to be
and trace heavy metals. Subsequent investigations revealedremoved by the air stripper and carbon adsorption units.
that contaminants had migrated off the base. At least one In 1996, the air stripper and incinerator were replaced with
municipal well was abandoned because of contamination. Ina UV/hydrogen peroxide system to remove volatile organics.
1986 and 1987, 500 homes with private domestic wells toThe GAC is still in use. Operating and maintaining the
the west of the base were connected to the City of Sacramento’snew system is less expensive than the air-stripping and
water system, incinerating process, and the higher treatment efficiency

In 1987, groundwater extraction and on-site treatmentreduces carbon use in the GAC units. Several more years
began. The treatment involved an air stripper, withof extraction and treatment of the groundwater will be
incineration and caustic scrubbing of the air stream,required before the contaminated aquifer is restored to
followed by carbon adsorption and biological treatmentusable quality.

constructed in 1989 on Alameda Creek in the City oflevels and any water-borne debris has passed the dam.
Fremont. The dam impounds a 154 af reservoir forThese operations are much easier and safer than alter-
direct groundwater recharge and diverts flows intonatives such as installing, tripping, and reinstalling
adjacent spreading grounds in former aggregate pits.hinged flashboards. A similar inflatable dam has been
The air-inflated dam is bolted to a reinforced concreteused in the Russian River at Mirabel since 1976, where
slab that was constructed across the stream channel,water is diverted to percolation ponds.
To clear the leveed channel for flood flows, the dam is The San Gabriel, Los Angeles, and SantaAna River
deflated by district personnel, or it automatically de-Basins also have similar devices. OCWD installed two
flates slowly when overtopped by substantial flows. Thelarge air inflatable rubber dams across the Santa Ana
dam is reinflated when stream flows subside to safeRiver (Imperial Highway Dam in 1992 and Five Coves

Remediation of Pesticide and Fertilizer
Contamination-Occidental Chemical
Manufacturing Facility

In the late 1970s, pesticide and fertilizer contaminationmaximum allowable level for sulfolane in municipal water
was discovered in soil and groundwater at the Occidentalresulted in more stringent treatment requirements. OxyChem
Chemical Agricultural Products manufacturing facility nearmade operational changes in the treatment system and added
Lathrop. The primary contaminants found werea biological treatment system in 1992 (microbialinoculation
dibromochloropropane, ethylene dibromide, and sulfolane,of the carbon treatment system) to remove sulfolane from
OxyCt~em removed or capped contaminated soil at the facilitythe groundwater to complywith the new treatment standards
in 1981 and 1982. The groundwater remediation programof 0.2 ppb DBCP, 0.02 ppb EDB, and 57 ppb sulfolane.
began operation in 1982 and continues today. The originalTwo extraction wells were added, increasing treatment capacity
groundwater restoration system was designed to removeto 600 gpm.
DBCP and EDB to 1 ppb. It consisted of five extraction wells, The groundwater restoration system was designed to treat
a 500 gpm treatment system, and two wells for deep injectionthe contaminated groundwater and to control the hydraulic
of treated groundwater into an imusable confined aquifer,gradient in order to prevent off-site migration of the
Sulfolane was not removed from the groundwater, but itscontaminants. Several dozen monitoring wells were built to
injection to the aquifer was considered acceptable since themonitor the effectiveness of the system. Monitoring reports
aquifer was designated unusable for domestic or agriculturalhave shown reductions of contaminant concentrations and
purposes. SWRCB Resolution No. 88-63 in 1988, a 1989control of contaminant plume. However, it is anticipated that
revision of MCLs for DBCP and EDB, and a 1989 DHSgroundwater remediation will continue for many years.
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Dam in 1993) to divert flows into groundwater re-for hydroelectric power generation and for agricultural
charge basins. The dams are deflated when flows exceedand municipal uses. Cloud seeding programs have po-
1,000 cfs. tential legal and institutional issues associated with

Other uses of inflatable dams have evolved. Inthem, including claims from third parties who allege
1988, PG&E replaced flashboards on its Pit No. 3 damdamages from flooding.
on the Pit River with 6-foot-high inflatable dams. The principal elements of cloud seeding include
USBR recently replaced two 18-foot-high by 100-selection of cloud masses, seeding materials, and meth-
foot-long drum gates on the crest of Friant Damods to dispense the agents within the clouds. Several
with Obermeyer gates. The gates are steel panelsclasses of seeding agents are available. Seeding agents
connected to the dam crest by hinges along theirare introduced into the clouds by either ground-based
upstream edge, and are raised and lowered by air-generators or aerial delivery systems.
inflated bladders. During the flood of January Precipitation from clouds is a result of two differ-
1997, an inflatable rubberized berm was installedent processes or mechanisms. The first is coalescence,
on the water side of the Sutter Bypass levee to pro-whereby tiny cloud droplets collide to form larger drop-
vide the additional height needed to protect thelets that eventually fall as rain. The coalescence process
levee from overtopping. Rubber berms of this typeworks at temperatures above freezing. The second
are used as cofferdams during constructionmechanism requires ice particles and occurs at sub-
projects in wet environments or as pollution con-freezing temperatures. Many clouds contain
tainment devices, supercooled water droplets, sometimes at temperatures

far below freezing. Eventually the ice particles fall as

Weather Modifieatlon snow (which will change to rain if the lower levels of
the atmosphere are above freezing). Enhancing either

Since the early 1950s, California water users haveof the two processes of precipitation formation can
practiced cloud seeding to augment precipitation,lead to more efficiency in producing rain or snow from
mostly along the western slopes of the Sierra Nevadaa cloud. Some natural clouds appear to be deficient in
and along the Coast Range. In 1996, there were 14 ac-ice forming nuclei; those clouds offer an opportunity
rive cloud seeding programs operating in California.to assist the rainmaking process.
The goal of these programs is to increase water supply Cloud Seeding Agents. Certain materials have

This inflatable dam is
owned by Alameda

County Water Distrlet.
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been found effective in converting supercooled waterchamber where it is ignited, and the silver iodide crys-
droplets into ice crystals. Commonly used seedingtals formed through combustion are expelled into the
agents for this purpose are silver iodide and dry ice.atmosphere. Pyrotechnics are similar to ordinary high-
Some other chemicals also work, including some or-way flares. Pyrotechnic flares impregnated with silver
ganic compounds. Hygroscopic materials such as salt,iodide can be mounted on aircraft, burned, and
urea, and ammonium nitrate have been used in warmerdropped into the clouds. Dry ice is frequently dispensed
clouds to assist the coalescence process, through openings through the floor of aircraft modi-

Dry ice was frequently used in early cloud seedingfled for cloud seeding. Types of aircraft used in
programs in the United States in the 1950s and earlyoperational cloud seeding programs range from a single
1960s. A switch to silver iodide occurred in the mid-engine aircraft to larger twin engine aircraft.
1960s, probably because of more convenient storage The most common type of ground generator con-
and dispensing capabilities (dry ice applications are lim-sists of a solution tank which holds the seeding agent.
ited to airborne delivery systems). Dry ice has receivedOther components include a means of pressurizing the
increased attention in recent years due to its low costsolution chamber, dispensing nozzles, and a combus-
and high effectiveness, tion chamber. Frequently, such systems employ a

Silver iodide has been the preferred seeding agentpropane tank with a pressure reduction regulator
in the majority of cloud seeding programs in the Unitedto pressurize the solution tank, as well as to provide
States. Particles of silver iodide are usually producedas a combustible material into which the silver iodide-
through a combustion process followed by rapidacetone solution is sprayed. Other systems utilize
quenching which forms trillions of effective freezingnitrogen to pressurize the solution tank. Pyrotechnics
nuclei per gram of silver iodide consumed. Cloud seed-are also used at surface sites. Ground generation sys-
ing by silver iodide can be carried out usingtems have been developed which are operated manually
ground-based or aerial generators, or by remote control.

Liquid propane is a freezing agent much like dry E~eetiveness. Although precise evaluations of the
ice. Liquid propane has the advantage of working atamount of water produced are difficult and expensive
higher temperatures, up to a degree or two below freez-to determine, estimates range from 2 to 15 percent
ing, whereas silver iodide is not very effective whenincrease in annual precipitation, depending on the
temperatures are warmer than -50 C. Dispensing is lim-number and type of storms seeded. In 1992, both the
ited to ground-based systems because it is a flammableAmerican Meteorological Society and the World Me-
substance. Liquid propane sprayed into the atmosphereteorological Organization issued policy statements
chills the air to temperatures well below 0° C. As tern-cautiously supportive of the effectiveness of weather
peratures approach-40°C, water vapor in the air rapidlym̄odification efforts under the proper circumstances.
condenses into trillions of cloud droplets which im-
mediately freeze and grow into tiny ice ctystals. PropaneLong-Term WeatherForeeastlng

is used operationally in clearing supercooled fog from California’s experience with flood and drought
airports in Alaska and the northern portion of the con-¯ cycles demonstrates that significant economic benefits
tinental U.S. would result from the development and application of

Pseudomonas syringae, a bacterium thought to re-successful long-term weather forecasting capabilities.
duce frost damage in plants, has been shown to be anWith the ability to predict weather patterns in an ac-
effective nucleating agent. Use of this bacterium as acurate and timely manner, water resources managers
seeding agent has been limited to producing snow incould plan for and mitigate losses associated with floods
ski resorts, although there have been some experimentsand droughts.
with aerial applications. During the 1980s, research on ocean and atmo-

Cloud Seeding Delivery Systems. Commonly spheric interactions in the tropical Pacific Ocean
available aircraft can be modified to carry an assort-produced new and significant insights into the
ment of cloud seeding devices. Silver iodide nucleipredictability of the so-called E1 Nifio Southern Os-
dispensers include pyrotechnic dispensers and modelscillarion cycle. New weather forecasting capabilities
that burn a solution of silver iodide and acetone. Indeveloped through research on ENSO suggest poten-
the burning process, a typical silver iodide-acetone so-tia] applications in addressing water resources
lution is forced through the nozzle into a combustionmanagement issues.
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Climate researchers at Scripps Institution ofthe monitoring network. The program is scheduled to
Oceanography are engaged in several efforts to pro-begin in fall 1998.
vide experimental climate forecasts up to twelve months
in advance. One of these efforts is focused on the useFish Screen Technologies

of climate forecasts to improve California’s use of its State oftheArt. Fish screens on water supply di-
scarce water resources. Scripps is leading a team ofversions protect fish from potential entrainment losses.
University of California scientists to downscale globalA properly designed fish screen, with appropriate
climate predictions to describe impacts on local watersweeping velocities past the .screen, allows diversions
supplies. See Chapter 3 for a discussion on climate. to occur (even when juvenile fish may be present) with-
variability, out causing unacceptable fish losses. Fishery and water

interests have been.working together for several years
to improve existing screens and add them to older di-

Environmental Water Use versions that lack screens.
Technologies NMFS and DFG have mandates for the inst~alla-

tion and operation offish screens. Ifa new diversion is
Wetlands Management installed or .significant changes are made to an existing

Wetland plants have been found to remove sele-intake, a new fish screen is usually required. DFG has
nium from water applied to them. University ofestablished a prioritized list of diversions that should
California, Berkeley; researchers are experimenting inbe screened based on potential fish losses. Protecting
the Tulare Lake Drainage District with wetland plantsthe most significant diversions first will help achieve
irrigated with high-selenium drain water in flow-fish protection goals with the available financial re-
through cells. Careful management of such facilitiessources. Programs to financially assist diverters in the
to remove selenium while avoiding food chain con-installation of such screens are available through the
centrations may result in developing safe operatingCVPIA’s AFP, P, CALFED’s ecosystem restoration pro-
criteria for wetlands supplied with agricultural drain-gram, the Natural Resources Conservation Service, and
age water. This may provide another alternative forprovisions of Proposition 204.
drainage water management. (Drainage water not used Current fish screen technology reflects criteria es-
to support wetlands would still have to be disposed oftablished by NMFS and DFG. Physical screens,
by other means, such as evaporation ponds.) combined with low approach velocities and proper

cleaning systems, can effectively protect fish greater
Real-Time Water Quali~y Management than about I inch long. Conventional screens will not

One of the actions identified in the 1995 SJRMPprotect smaller or larval-sized fish which may be present
plan was establishing a real-time water quality moni-at some sites for limited durations.
toting network for the San Joaquin River, to support Smaller pumped diversions (slant or vertical pump
water management decisions. The monitoring networkinstallations on a river with flows less than 40 cfs) gen-
collects water quality and quantity data for input to aerally use bolt-on screens available from a ;¢ariety of
computer model’ that forecasts water flow and qualitymanufacturers. These screens are similar to those used
along the lower San Joaquin River. to reduce debris in sprinkler irrigation systems. De-

A goal of the real-time monitoring network is topending on the site and the system, screens may be
enable water managers to meet San Joaquin River wa-made of corrosion resistant woven wire, perforated
ter quality objectives more often and more efficiently,plate, or wedge-wire material (well screen). These ma-
For example, information provided by the network canterials can be formed into cylindrical shapes or flat
support decisions related to reservoir releases at Newplate panels and designe~I into the intake system.
Melones. The number of sites with fish screens (or fish pas-

A recently completed demonstration projectsage improvements) has increased with the availability
added instrumentation sites, developed analytical toolsof public funding assistance (Figure 5-1). For example,
to collect and process the data, and disseminated weeklythe Maxwell Irrigation District now operates a state-
forecasts of daily San Joaquin River flow and salinityof-the-art positive barrier fish screen, one of the first
at Vernalis. In 1997, CALFED approved Category III of its kind installed on the Sacramento River. Com-
funding to implement a two year program to expandpleted in 1994, the new pumping plant and screen
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In February 1998, two large
eylindrieal fish screens were
installed at one of the
largest Delta diversions on
Sherman IslaneL

facility diverts approximately 80 cfs at a completed costscreens may include significant civil works and are of-
of nearly $1.6 million. The screens are intended toten offthe main river channels where they must provide
protect all fish, but primarily steelhead and winter-fish handling and bypass systems. These facilities re-
run chinook salmon. In 1994, Pelger Mutual Waterquire more attention to hydraulic conditions than
Company completed construction of its new pump-smaller intake screens.
ing station and positive barrier fish screen near Knights Several recently constructed facilities have been
Landing on the Sacramento River. The facility includesdesigned to current regulatory criteria for screening,
pumps with a discharge capacity of 60 cfs and wasincluding screens at the M&T Chico Ranch diversion
completed for a total cost of $350,000. on the Sacramento River, the Parrott-Phelan diversion

Larger diversion sites are screened with low ap-on Butte Creek, and theTehama-Colusa Canal. As part
proach positive velocity barrier screens. These intakeof its environmental restoration activities, M&T Chico

Ranch relocated its screened p~mp station from the
mouth of Big Chico Creek to the Sacramento River.
This $5 million project provides water supply to over
8,000 acres of permanent wetlands and over 1,500 acres
of seasonal wetlands, in addition to protecting habitat
for migrating spring-run chinook salmon.

Several large facilities are nearing the final phases
of design or construction. They include diversions on
the Sacramento River at the Glenn-Colusa Irrigation
District, Reclamation District 108 near Grimes,
Reclamation District 1004 near Princeton, Princeton-
Codora-Glenn Irrigation District and Provident
Irrigation District consolidated diversion, Browns Val-
ley Irrigation District diversion on the Yuba River, and
others. Construction of GCID’s Hamilton City Pump-
ing Plant screen began in spring 1998. This $70 million
project will minimize fish losses near the pumping plant
and will maximize GCID’s capability to

A newly eonstruetedletsh passage andscreenlngfaeility on divert its full irrigation supply. Reclamation District
Butte Creek. 108 began construction in 1997 on a new $10 million
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FIGUR~ 5o 1
Recent Structural Fishery Improvements

Sacramento River - M&T Chlco Ranch, 1997 11 Sacr~_~e~_nto _R~’ycr - RD 108, 1998

Butte Creek - Adams Dam, 1998 12. Sac.ram~ e~,e, nt? Ri~v~r - RD 1004, 1998

Butte Creek - Durham Mutual Dam, 1998 13 Sacrame~nto River - Wilson Ranch, 1995

Butte Creek- Gorfitl Dam, 1998 14 Suisun M~rsh - Five Projects, 1996-1997

Butte Creek - Parrott - Phelan, 1996 15 Yuba River - Browns Valley ID, 1998

Rock Slough - Contra Costa Canal, 1998 1t~ Tehama - Colusa Canal, 1990

Sacramento River - Glenn-Colusa ID, 1998 17 Butte Creek -Western Canal WD Dams, 1998

Sacramento River - Maxwell ID, 1994 18 Butte Creek - Point Four Diversion Dam, 1993

Sacramento River - Pelger MWC, 1994 19 Butte Creek - McGowan Dam, 1998

Sacramento River - Princeton - Codora - 20 Butte Creek - McPherrln Dam, 1998

Glenn ID/Provident ID, 1998
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fish screen. The project, located at the district’s Wilkinsstate of the art, and are acceptable to the resource agen-
Slough diversion, will protect migrating winter-runcies, behavioral barriers have been demonstrated to
chinook salmon and other fish. The district anticipatesdeter fish from being diverted at some sites and may
completing the project by the 1999 irrigation season,offer enhanced fish protection at even physically
Reclamation District 1004 began construction of itsscreened sites.
$8 million fish screen in 1998. The project includes Several significant applied research projects are
relocation of the Princeton Pumping Plant and con2under way on positive barrier technologies. A research
veyance facilities, in addition to a positive barrier fishpumping plant has been constructed at the USBR’s
screen. In 1998, the Princeton-Codora-Glenn andRed Bluff Diversion Dam to divert Sacramento River
Provident irrigation districts are expected to completewater into theTehama-Colusa Canal. This facility (see
construction of an $11 million fish screen and pumpphoto, Chapter 2) was developed to provide water to
consolidation project. The 600 cfs project eliminatesthe Tehama-Colusa Canal when the diversion dam
three unscreened diversions, gates are raised for fish passage. The research pumping

Current Research. There is significant research plant is testing centrifugal and Archimedes screw pump
and experience in fish screen technolog~ The technol-technologies to evaluate their impacts on fish. The re-
ogy has responded to a number of factors includingsearch plant and the biological evaluations of its
ESA requirements in the Northwest and in California~ effectiveness now being carried out are providing valu-
for the protection ofsalmonids, FERC relicensing re-able data on the potential application of these
quirements, and the heightened awareness offish lossestechnologies to other sites.
at diversions. Since the early 1950s, fish screen design criteria

Research can be broken down into two catego-have been developed for juvenile salnaon and a few
ties: positive barrier technologies and behavioral barrierother anadromous species. Little is known about the
technologies. Although physical screens are consideredscreening requirements for resident Bay-Delta species

(such as smelt) which require protection. Through a
cooperative interagency program effort, a large circu-
lar screened testing flume has been constructed at
University of California at Davis to investigate fish
performance and behaviors under various hydrau-
lic conditions. This research will improve
understanding of the needs of fish and help design
more effective screens.

Screen cleaning and proper operation and main-
tenance are essential for the reliability of diversion and
fish protection. In the last 10 years, cleaning technolo-
gies have advanced in response to possible zebra mussel
invasions and clogging from aquatic weeds. Combi-
nations of hydraulic and air backwash systems,
improved horizontal and vertical brush cleaners, and
automated controls have proven effective. Screen ma-
terials and coatings have also been developed to prevent
biofouling. Some investigations under way include
USBR’s Tracy Pumping Plant Fish Facility Improve-
ment Program, Contra Costa Water District’s new Los
Vaqueros and proposed Rock Slough fish screens, and
an investigation of air cleaning systems by USBR.

Higher velocity fish screens, which reduce expo-
sure to the screen surface, are being studied. These

This eireularflume, called theftsh treadmil~ simulates the systems are potentially less expensive because of the

hydraulic conditions that fish may encounter in the Delta. reduced screen area required. Modular systems are be-
DWR’s threeyear treadmillstudy began in 1997. ing developed for wider application. Advances in
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Behavioral Barrier Demonstration Projects
Several behavior~d barrier demonstration projects have beencapacity) near Grimes, acoustic and electrical barriers were

evaluated in the Central Valley. tested to see if these technologies could reduce fish losses.
Georgiana Slough Acoustic Barrier Tests were conducted at the site from 1993 until 1996 with

Juvenile salmon survival has been shown to improvemixed results. The acoustic system was suspended from the
significantly if salmon are allowed to remain in the Sacramentosurface and operated on an on/offcycle to test its effectiveness.
River rather than being drawn into the central Delta viaThe electrical array was mounted to an underwater louver
Georgiana Slough. Physical barriers and screens have beenarray and was similarly evaluated. Since neither system
considered at this site, but are not feasible because of hydraulicachieved the required reduction in fish entrainment, RD 108
conditions, water quality, recreational uses, and adult fishis constructing a positive barrier fish screen.
migration issues. A behavioral system is being studied whichReclamation District 100~ Acoustic Barrier
would fish survival them from the A similar acoustic barrier installed RD 1004’simprove byguiding away was at

hydraulic influence of Georgiana Slough. Twenty-onediversion on the Sacramento Rivernear the town ofPrinceton.
underwater acoustic speakers were installed at the SacramentoFrom 1994 to 1995, the system was evaluated and found to
River’s junction with the Slough below the town of Walnuthave marginal benefits. RE) 1004 is installing a 360 cfs positive
Grove. Studies in 1993, 1994, and 1996 showed improvedbarrier fish screen at its diversion site.
guidance during low flows, but mixed results at higherBehavioral Research at Other Sites
flow conditions. Results have been encouraging enough to The use of low frequency "infrasound" systems and the
continue investigations at this site under lowflow conditions,use of lighting systems (strobe lights) is under investigation
Adverse effects of acoustic system operation have not beenat several sites outside of California. Many of these systems
observed, are being tested and used with other screening technologies
Reclamation District 108 Acoustic and Electrical Barrier to attempt to improve their effectiveness in difficult hydraulic

At this major Sacramento River diversion (700 cfs diversionenvironments.

automation and control systems are being used to regu-that permit temperature selective releases, such as
late screens’ hydraulics and operations and provideUSBR’s Shasta Dam TCD; and temperature control
better fish protection and diversion reliability, curtains, such as those at Whiskeytown and Lewiston

Technological advances have renewed interest inReservoirs.
acoustic and electrical fish guidance systems. In the Temperature ControlDevices. Some dams, such
past, these systems have had limited success affectingas the Department’s Oroville Dam, were constructed
fish behavior. Some guidance and protection had beenwith temperature-selective reservoir release capabiliW.
observed, but the systems could not achieve the levelRetrofits to reservoir outlets can be constructed for
ofprotection desired by State and federal resource agen-those that were not, such as USBR’s Shasta Dam.
cies. Fish responses to behavioral technologies areUSBR completed the Shasta Dam TCD in May 1997,
variable since they may respond to other environmen-and is now fixing leakage problems that affect opera-
tal stimuli, including hydraulic conditions,tion of the device. The structural steel shutter device is
temperature, predator avoidance, and lighting condi-250 feet wide by 300 feet high and encloses all five
tions. Behavioral barriers are attractive in some casespenstock intakes on the dam. The shutters allow for
because physical barriers may not be viable or cost-selective withdrawal of water, depending on down-
effective, stream temperature needs. Prior to installation of the

structure, USBR had to bypass Shasta powerplant to
Temperature Control Technology provide water of adequate temperature. Installation of

Temperature control technology is used to man-the TCD will provide USBR with the flexibility to
age temperature of reservoir releases to improveprovide optimal water temperature downstream for the
conditions for downstream fisheries. During summersalmon flsher~ and allow for hydropower generation.
months, reservoir temperature gradients result in Temperature Control Curtains. Curtains can
warmer water near the surface of a reservoir, with coolercontrol water withdrawal at intake or outlet structures
water remaining near the bottom. Two types of tem-to provide desired temperatures for salmonids and other
perature control devices are currently being used inaquatic species, allowing water to be conserved for other
Northern California reservoirs: variable-level outletsuses. Four temperature control curtains have been in-
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stalled by USBR, two in Lewiston Reservoir (in 1992),with a limited amount of mixing with the epilimnion
and two in Whiskeytown Reservoir (in 1993). These(warm surface water). This curtain restrains warm sur-
curtains are constructed ofHypalon, a rubberized ny-face water from moving upstream toward Carr
Ion fabric. They are supported in the water column byPowerplant. With the tailrace curtain in place, mixing
steel tank floats and anchored to stay in place, is reduced where the density current plunges into the

At Lewiston Reservoir, an 830-foot-long, 35-foot~ hypolimnion upstream of the tailrace curtain. The sec-
deep curtain is suspended from flotation tanks andond curtain (a 2,400-foot long, 100-foot deep,
secured by a cable and anchor system. This curtainsurface-suspended curtain) surrounds the Spring Creek
was designed to block warm surface water from theConduit intake. This curtain, like the Lewiston cur-
Clear Creek Tunnel intake. As a result, cold watertain, was designed to retain warm surface water while
from the bottom of the reservoir is diverted toallowing only cold water withdrawal.
Whiskeytown Reservoir. A second curtain was installed The temperature curtains at Lewiston and
around the Lewiston Fish Hatchery intake structureWhiskeytown Reservoirs reduce the temperature of
to allow warmer or colder water, depending on theTrinity River diversions to the Sacramento River by as
season, to be taken into the hatchery. The curtain,much as 50 E According to USBR, this decrease is sig-
300 feet long by 45 feet deep, was designed to el-nificant, making the temperature curtains a successful
ther skim warmer water or underdraw cooler water,tool for conserving reservoir releases.
depending on whether the curtain was in a sunken The smaller temperature control curtains gener-
or floating position, ally cost about $1,000 per foot. The large curtain at

Ideally, cold water diverted from Lewiston shouldWhiskeytown Reservoir cost about $1.8 million. The
be routed through Whiskeytown’s hypolimnion (deep,expected duration of use is about 10 years before re-
cold water layer) into the Spring Creek Conduit in-placement may be ~equired. To date, none of the four
take. To accomplish this, two curtains were installed: acurtains in place at these two reservoirs has needed
tailrace curtain downstream at Carr Powerplant, andmajor repairs.
an intake curtain surrounding the Spring Creek Con- A number of studies are ongoing to better refine
duit intake. The tailrace curtain (600 feet long andthe curtains’ use for temperature control, and to en-
40 feet deep) was installed to force cold water fromsure that no adverse impacts result to biological
Carr Powerplant into Whiskeytown’s hypolimnionresources in the reservoirs where they are installed.
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O
CONVERSION FACTORS

O Quantity To convert from To metric unit Multiply To convert to

O customary unit customary customary unit,
unit by multiply metric

unit by

Length inches (in) millimeters (mm)O 25.4 0.03937

O inches (in) centimeters (cm) 2.54 0.3937
feet (ft) meters (m) 0.3048 3.2808

O miles (mi) kilometers (km) 1.6093 0.62139

Area square inches (in2) square millimeters (mm2) 645.16 0.00155
square feet (ft2) square meters (m2) " 0.092903 10.764
acres (ac) hectares (ha) 0.40469 2.4710
square miles (mi~) square kilometers (kmZ)’ 2.590 0.3861

Volume gallons (gal) liters (L) 3.7854 0.26417
O gallons (1 gal) megaliters (ML) 3.7854 0 1706

cubic feet (fts) cubic meters (ms) 0.028317 35.315
cubic yards (yds) cubic meters (ms) . 0.76455 1.308
acre-feet (ac-ft) thousand cubic meters (m~ x 103) 1.2335 0.8107
"acre-feet (ac-ft) hectare-meters (ha - m)[] 0.1234 8.107
thousand acre-feet (tar) million cubic meters (m~ x 106) 1.2335 0.8107
thousand acre-feet (tag) hectare-meters (ha - m)[] 123.35 0.008107O million acre-feet (marc) billion cubic (m~ 109)" 1.2335 0.8107
million acre-feet (mar) cubic kilometers (kms) 1.2335 0.8107

O Flow cubic feet per second (rials) cubic meters per second (mS/s) 0.028317 35.315
gallons per minute (gal/min) liters per minute (L/rain) 3.7854 0.26417
gallons per day (gal/day) liters per day (L/day) 3.7854 0.26417
million gallons per day (mgd) megaliters per day (ML/day) 3.7854 0.26417O acre-feet day (ac-ft/day) thousand cubic meters day (ms x lOb/day) 1.2335 0.8107per per

O Mass pounds (lb) kilograms (kg) 0.45359 2.2046
tons (short, 2,000 lb) megagrams (Mg) 0.90718 1.1023

O Velocity . feet per second (ft/s) meters per second (m/s) 0.3048 3.2808

O Power horsepower (hp) kilowatts (kW) 0.746 1.3405

O Pressure pounds per square inch (psi) kilopascals (kPa) 6.8948 0.14505
head of water in feet kilopascals (kPa) 2.989 0.33456

Specific capacity gallons per minute per foot liters per minute per meter ofdrawdown 12.419 0.08052
of drawdown

O
Concentration parts per million (ppm) milligrams per liter (mg/L) 1.0 1.0

O Electrical conductivity micromhos per centimeter microsiemens per centimeter (mS/cm) 1.0 1.0

O Temperature degrees Fahrenheit (°F) degrees Celsius (°C) (°F - 32)/1.8 (1.8 x °C) + 32

O ¯ When using "dual 3~nits,~’ inches are normally converted to millimeters (rather than centimeters).
[] Not used often iri ~etric countries, but is’gffered as a conceptual equivalent of customary western U.S. practice (a standard depth of water

,~ over a given area of land).
¯ ASTM Manual E380 discourages the use of billion cubic meters since that magnitude is represented by giga (a thousand million) in other

countries. It is shown here for potential use for quantifying large reservoir volumes (similar to million acre-feet).

O OTHER COMMON CONVERSION FACTORS
1 cubic foot=7.48 gallons=62.4 pounds of water 1 acre-foot=325,900 gallons=43,560 cubic feet

O 1 cubic foot per second (cfs)=450 gallons per minute (gpm) 1 million gallons=3.07 acre-fe~t "

1 cfs=646,320 gallons a day= 1.98 ac-ft a day 1 million gallons a day (mgd)=l,120 ac-ft a year

O
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